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This paper is intended to cover, in outline form, the main topics 
that are taught under t !le name of "General Science " in the secondary 
schools. 
I 'Physics 
I I Chemistry 
III Descriptive Astronomy 
IV Physical Geology 
v Meteorology 
VI Biology 
In each subject especial care has b~en given to definitions , 
that they may be accurate and yet simple enough for th.e avera ge 
h igh school student to understand. 
Since many of the ph enomena of astronomy , geology, meteorology, 
and biology depend upon the principles of physics, a number of 
experiments whic·n require l i ttle ·or easily construct ed apparatus a r e 
described under "Physics" and references are made to them in later 
sections. 
Only tLe most usual elements are discussed in chemistry; oxygen, 
hydrogen, nitrogen, carbon, and the metals, iron, copper, aluminum 
and zinc. The laboratory as well as t h e commercial methods of 
obtaining the first four elements are sugg~sted. Th e properties 
and uses of these elements are summarized. There is a short 
description, or a reference to a concise account, of the commercial 
~ethod of refining each of the four metals. So many uses of 
t h ese metals are apparent that only the new or less evident ones 
are noted. 
BRIFF.continued 
Th e ch emistry of foods perhaps belon-gs under "Chemistry", 
but it has been placed at the end o.f t h e section on physiology 
after t h e need of t h e elements in building and repairing tissue 
h as been expla ined. 
Under "Astronomy", "Geoiogy", and "Meteorology"· t h e main facts 
have been carefully summarized;. 
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OUT-GI NE 0},1 A HI GH SOHO OL COUHSE Ul Glm1£R1~L 0 GI.:ClJ~E 
I. PHYS I CS . 
A. Metric System of we i ght s an d rile a sures . 
B. Me·chan i c s and pro pe rtios of rna t tor . 
1. De fin ition of ma tter . 
2 .. i.fole r_:ul a r structure of Matter 
:3 . Phy sic ;:;_l n 11d chemi c a l change s . 
4 . Crystalline c.::Jd n on-crys t a lline s ubs taiJcas . 
5 . Pro pert i e s of mn tt er. 
G. Force mJd moti on. 
7. Mc cha11 ics of so lids . 
8 . Mechani:;s of liqu ids. 
9 . Ae.ch:~n ic s of ga s .__,s. 
c . Sound 
Introducti on: wuv e ~oti cn 
1. So urce l.lDd tran SG1iss :Lo rJ of so uiJd . 
2 . Veloc i ty . 
3 . Cha r act e ris t i cs 
4 . Reflection . 
5 . Interf erence . 
6 . Forced vib r at i ons . 
7. Sympathetic vi.br u.ti orJ s . 
8 . I:lusical i ns trume nts . 
D. Hea t 
1. Bfects of hea t. 
2 . Transfe rence of heat 
E. Light. 
1 . Light as wave motion. 
2. Intensity. 
3 . Reflection. 
4-. Refraction. 
5 . Dispersion and color. 
6. Diffraction. 
7· Polarization. 
S. Optical instruments. 
F. Magnetism 
1 . Definitions. 
2. Laws of magnets. 
3· Magnetic field . 
4. Magnetic induction . 
5. Theory of ma·gneti sm. 
6. Th e earth as a magnet. 
G. Electricity 
1. Charges at rest or static electricity . 
. a. Theo ry · 
b . Methods and laws of electrification . 
c. Condensers . 
d. Comparison of magnetis~ and static electricity . 
2 . Charges in uniform motion or electric currents. 
a. T'!'leory - Currents in solids, · liquids and gases. 
b. Units and formulae 
c. Generation of currents by chemi cal action . 
d. Effects of electric cur~ent. 
e. Measuring instruments. 
3 · Charges in accelerated motion or induced curr ents. 
a. Methods of producing induced currents. 
4. Practical uses 
a. Dynamo and electric motor. 
b. Electric furnace. 
c. Telegraph and telephone. 
d. X-ray. _ 
H. Radio-activity 
1. Radium. 
2. Radio-active series 
3· Elements. 
II. CHEMISTRY. 
A. Elements and compounds. 
B. Oxygen. 
1. Preparation. 
2. Properties 
3· Uses 
4. Oxidation 
Q. I:!Ydrogen. 
1. Preparation 
2. Uses 
3 . eomp ounds . 
D. Nitrogen 
1. Preparation. 
2. Uses. 
E. Carbon. 
1. Preparation 
2. Forms 
3· Carbon dioxide. 
F. Acids, bases,and salta 
G. Cleansing and dyeing. 
1. Soap 
2. Aniline dyes. 
3· Removal of stains. 
H. Commercial refining of four common metals 
1. Iron 
2. Copper . 
3· Aluminium. 
4. Zinc. 
III. DESCRIPTIVE ASTRONOMY. 
A. Sun and its relation to the earth. 
1. Distance of the sun and its calculation. 
2. Composition. 
3· Sun spots. 
4. Eclipses. 
B. Earth 
1. Shape and size 
2. Composition. 
3· Day and night on t b e earth. 
4. The seasons. 
C. Moon 
1. Phases. 
2. Eclipses. 
3· Appearance of the surface. 
D. Planets 
1. Planets within the earth' s orbit. 
2. TDe outer p lanets. 
E. Comets 
1. Material . 
2. Paths. 
F. Meteors 
1 . Showers 
2. Meteori tea. 
G. Stars 
1 . Magnitude 
2. Clusters. 
3· Multiple stars. 
4. Nebulae . 
5· Th e Mi lky Way. 
IV. PHYSI CAL GEO LOGY 
A. Agencies which modify t h e surface soil. 
1. Gl ac i ers. 
2. Weathering . 
3· Wind. 
4. Water. 
B. Sea and shore 
1. Erosion by sea . 
2. Dri ft. 
3· Off-s hore deposits . 
~. Deep-sea deposits. 
C. Movements of t h e crust of the earth. 
l. Folds . 
2. Faults. 
3 . Earthquakes . 
4. Volcano es 
D. Rocks 
1. Sedimentary or stratified. 
2. Igneous. 
3 . Metam.c:>rphi c . 
4. Mineral veins. 
E. Geological records. 
1. Fossils. 
2. Theories of the beginning of the earth. 
V. METEOROLOGY. 
A. Atmosphere 
1. Temperature. 
2. Composition. 
3· Humidity. 
B. Atmospheric currents. 
1. Convection currents. 
2. Winds 
3· Fogs and clouds. 
4. Thunderstorms. 
c. Atmospheric electricity . 
D. Atmospheric optics. 
1. Perspective phenomena. 
2. Refraction phenomena. 
3· Diffraction ph enomena. 
4. Phenomena due to scattering of light. 
E. Factors which control climate . 
VI. BIOLOGY. 
A. Plants 
• 
1. Root. 
2. Stem. 
• 
• 
3· Leaf. 
4. Flower. 
5· Seed. 
B. Micro-organisms. 
1. Molds . 
2. Yeast. 
3· Bacteria. 
4. Amoeba. 
C. Physiology 
1. Structure of the body. 
2. Respiration. 
3· Circulation. 
4. Nervous syste~. 
5. Sense organs. 
6. Digestive system. 
7· Foods . 
• 
• 
I PHYSI CS . 
r .... . The centimete r- g r a m- s econd (C. G. S .) system. 
1. First adopte d b y French 1793. 
2 . Centimeter, the s t andard unit of length , l s one one-hund.redth 
p ~: rt of a meter whi c.h i s the (iistm1ce, me asure d a t t h e me lt -
ing point of ice, b e twe en tv>:o parallel m .~uks on a p h ; tinum-
i ridi um b8r kept i n the French a rchiv e s a t Sevres. 
3 . Gr am , the sta n dard uni t of mas s, i s one one - thousandth p~rt of 
a k ilograr:I wh ich i s the ma ss of a c ;-rlind. ·~T of ol a tinum-
iri d ium ~ lso kept ~ t Sevres. 
4 .iEu1 tip l es in the me tric s ystem , n~ e d e s i £.::nat ed b ;~r Gr eek -,J:c e-
f ixes: deka (10), hecto (100), kilo (1000 ); 
s ub-mult i p l e s, by J~u.tin pre f ixes: d.eci ( 10), centi (100) , 
mi lli ( 1000). 
b Seco11d i s oiJe 1/86400 of u mean sols r day. 
B. Matte r . 
1 • De f il! i t i . on • 
Ich t te r is pr i :nord i al ma t e ria l •t.nd holes, pri11c i pully ho les, 
2 . I:Tolecu l n r struc ture. 
a . A molecule is the s ~:1a llest p'3.rti.J lo of ma tt fj r wb ic11 h a s 
t he e11aracte:ristic :; ro pcn:t i es of the s ubstance • 
b . "'vider; oe of t he c z)l!S tal1t mo ti on of the mo lec ules. 
Brownian movement: i l a ce gamhoge nu rticles in water the 
• 
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density of which has been increased by the addition of 
potassium bromide. Place a drop of the solution between thin 
glass plates and .view through a microscope. The motion of 
the particles is due to bombardment by the molecules. 
Minute drops of oil suspended in still air show the motion 
owing to the molecules. 
c. Solid: molecules near together and are lield together by 
the force of attraction (cohesion) of the molecules for 
each other. 
d. Liquid! molecules a little further apart and the force 
of cohesion less than in a solid. 
Evidence of cohesion: suspend a glass plate above water 
by balances, move upward; allow glass to touch ~he surface 
of water, again move upward. Note difference in force 
necessary to pull the plate from the water. As there is 
a layer of water on the glass, increased force necessary is due 
to overcoming cohesion. 
e. Gas: molecules far apart, motion very rapid, very slight 
force of cohesion, sometimes molecules repel each other. 
3· Physical and chemical changes. 
a. A change is said to be physical if the structure of the 
molecules is not changed. Freezing of water. 
b. A change is said to be chemical if the structure of the 
molecules is changed. Heat red oxide of mercury. After 
a few minutes thrust a glowing stick into the teat tube, 
• 
note the change owing to the presence of oxygen. Note 
the mercury in the tube. 
4. Crustalline and non-crystalline or amorphous substances . 
a. Crystalline susbtances possess a regular arrangement of the 
molecules. Salt always separates from a solution in 
water in the form of cubes. 
Crystals: gra.nuJated sugar, snow, diamond, etc. Most 
crystalline substances change from a. solid to a licpid 
at a definite temperature. 
b. Amorphous or non-c~rstalline substances do not possess a 
regular arrangement of the molecules. 
often decompose before they melt 
Such sub-stances 
or do not 
have a definite melting point (paraffine, glass). 
5. Pro~erties of matter. 
a. Major properties. 
( 1) Inertia. 
The property, which all matter possesses of resisting 
any attempt to start it if at rest, to stop it if in / 
motion, or in a:t:1y way to change either the direction or / 
amount of its motion, is called inertia. / / 
Examples: (a) A coin is balanced on a card upon the 
forefinger. The card may be snapped off and the co/ 
wi 11 drop to the finger. (b) Tie a linen thread to: 
handle of a flat iron. A quick jerk will break 
thread but a slow steady pull will lift the fla 
I (c) Face forward when alighting from a car. / 
(d) Beating a rug; rug moves, dust does not { 
I 
• 
• 
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(2) Gravitation. 
Universal gravitation is the attractive force which 
every object exerts toward every other object . 
Weight of an object is the measure of the earth's 
attraction for that object. 
(3) Elasticity. 
An object is said to be elastic if it tends to resume 
its original size and shape after the removal of any 
impressed force. This force divided by the area over 
which it acts is called the stress and the resulting 
change divided by the amount of the body changed is 
called the strain. 
The ratio of the stress to the strain is called the 
coefficiant of elasticity. 
Three coefficients of elasticity. 
(a) Bulk modulus or volume elasticity (dealing with 
change of volume) 
Suppose a small balloon is weighted and sunk below the 
surface of a pond. The pressure upon the balloon is 
then increased and the volume is decreased. The 
pressure (stress) divided by the change in volume per 
unit volume (strain) is the coefficient of elasticity . 
(b) Rigidity modulus or "coefficient of rigidity" (dealing 
with change of shape) 
Place a block of very hard jelly on a table and upon it 
place a roughened shingle large enough so that part of 
• 
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it extends beyond the block. Bore a hole through the 
projecting piece and pull sideways on the shingle. 
The tila.pe of the block wi 11 be changed. The stress is 
equal to the force applied per unit area; the strain is 
~easured by the displacement per unit of height. The 
strain here is called a. shear. 
a shear. 
(c) Young's modulus. 
A rivet suffers such 
(dealing with extension and compression) 
If a long piano wire fitted with a scale pan be hung 
from the ceiling and weights be added successively to 
the scalepan, it will be found that the elongation is 
practic&aly proportional to the force and exactly prcpor-
tional to the length of the wire. The stress is the 
force per unit cross sectional area and the strain is 
the elongation per unit length. The pier of a bridge 
or pillars supporting a piazza roof or the foundation 
of a house are in compression. 
Beams are set edgewise to prevent sagging if they 
are supported at the ends only. A metal beam is some-
times made in the form I to give strength with least 
weight. 
From these coefficients of elasticity Hookets law 
follows directly; if the limits of elasticity are not 
exceeded, the strain is proportional to the stress. 
•• 
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b. Minor properties. 
(1) Density is the m~ss per unit volume. 
is less than that of iron. 
Density of cork 
(2) Coh esion is t he force of attraction between molecules of 
the same kind. Adhesion is t he force of attraction 
between molecules of different kinde. If a small 
p~rticle of mercury is dropped on a table, it assumes 
~n app roximately spherical form. Here cohesion is 
greater t l1.an adhesion. Cohesion results in t h e 
phenomena of what is called surface ~ension. Hardness, 
ductility, malleability a~e also due to cohesion. 
(3) Impenetrability to molar masses. A bullet striking a 
target punctures t h e target. 
(4) Diffusion. Gases will mix although one is l:]:eavier than 
the other. Gases diffuse into solids or liquids. In 
the war peach pit charcoal was used in gas masks. Milk 
and butter absorb gases and become "odorous". 
Osmosis is the diffusion of a liquid t hrough a memba:a.ne. 
Remove a large piece of the lining of an egg. Fill ·a 
bottle with a mixture of corn syrup and ink, fit it 
wi t h a t wo holed stopper, close one hole and t h rust a 
short stemmed t histle tube through t he other. Fi 11 the 
thistle tube \Vi th the syrup mixture and tite t he egg membrere 
over the top. Push a long piece of ·gla.ss tubing . t h rough 
the second hole in t he stopper and place t :t e apparatus in a 
large beaker of water so t hat the membrane is under water. 
Mark the level of the syrup in the glass tube with a 
7 
piece of thread. The diffusion of the liquid will be 
evident in fifteen or twenty minutes. (Tower and Lunt: 
"Science of Common Things," page 50. Similar experiment: 
Bedford, "General Science , " page 148.) 
An oyster is wrinkled when taken from sea water but 
~attened" by floating in fresh water. 
6. Force and motion. 
a. Weights and gravitation. 
Weight of a body is the measure of the earth's attraction 
for it. Gravitation is directly proportional to the 
product of the two masses, m and m', and inversely pro-
portional to the square of the distance, d, from their 
mm' ~· Therefore an object weighs centers or g varies as 
I 
less if it is on top of a mountain that is near the equator. 
An athlete on the moon could jump thirty feet high;on Jupiter) 
he could not lift his finger. 
Units of force. 
A force of one gram acting upon a mass of a gram gives it 
an acceleration of 9g0 centimeters per second per second. 
This unit varies slightly with the position of the object 
on the earth. A dyne is the force which acting upon a 
mass of a gram gives it an acceleration of one centimeter 
per second per second. g::=.9g0 dynes ~ . 
b. Graphic representation of force. 
A force may be represented by a straight line since it is 
only necessary to indicate the direction and magnitude. 
The resultant of concurrent forces acting at an angle is 
the single force which would produce t he same effect. 
g 
Hang a coat by a hanger upon a cord fastened to two spring 
balances hung from nails some distance apart. By drawing 
linea to scale at the angle furmed by the cord and represent-
ing the weight of the coat and hanger by a vertical line, the 
resultant will be found equal to the diagonal of the parallel-
o~am. 
The equilibriant of two or more forces is the single force 
which will prevent the motion which the given forces tend to 
produce; it is equal but opposite in direction to the resultant. 
c. Moment of force. 
The moment of a force is the importance of the force in 
producing rotation and is equal to the force times the 
perpendicular distance from the axis to the line of the 
force. 
d. Equilibrium • 
• I. The center of gravity is the point about which the algebraic 
sum of the moments of the forces due to gravity is zero. 
This means that if a body be supported at its center of 
gravity, it will not rotate no matter how it be placed. 
Take a piece of cardboard of irregular shape, suspend it 
and a plumb line from the same support, and mark on the card 
t h e position of the plumb line. Repeat several times turning 
the cardboard each time The point where the lines intersect 
is the center of gravity and the cardboard may be balanced by 
supporting it at this point. 
Thrust the points of two compasses into opposite sides of a 
large cork. If it is carefully adjusted t h e system may be 
• 
• 
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supported on a fine cambric needle. 
2.Stable equilibrium. 
An object is in stable equilibrium when it tends to return to 
I its original position 1f slightly displaced. An object is in 
I 
stable equilibrium if a vertical line drawn
1
from the center of 
gravity downward falls within the base: a bone resting on the 
plane surface, a flat bottomed boat, a toy with spherical 
weighted base, the leaning tower of Pisa. 
(2) Unstable equilibrium. 
I 
I 
A body is in unstable equilibrium when, if slightly displaced 1 
it tends to move farther from its or:iginal position: egg 
placed on end, canoe with person standing, tigh t-rope 
walker . 
(3)' Neutral equilibrium. 
An object is in neutral equilibrium if, after a alight 
displacement, it tends neither to return to its original 
position nor to move further from it: a sphere, an egg 
placed on its side. 
R. Velocity and acceleration. 
(1) Velocity is the distance an object moves in a unit of time. 
V= d/t. The momentum of an object is t he mass times 
the velocity ~the moment of motion . 
(2) Acceleration. 
(a) Motion in wh ich velocity is gained (or lost) at a 
constant rate is called unifortuly accelerated motion 
and the gain Oor loss) per second is called acceleration. 
10 
Train starting and stopping. 
(b) Body falling in vacuum. 
Galileo dropped objects of different weights from the 
leaning tower of Pisa and proved -v =f ¢ ~...,......_ ) 
Effect of air resistance. Feather and coin in vacua. 
t ,__ :L 2-E ti V-_._ ~q"'t '.s=w1.+ \ q ':>_a...S :::.V- v.... . qua ons : ....... ~ ~ .... <;l 
c. Pendulum. 
An ideal simple pendulum is a point mass suspended by a 
weight leas in extensible cord. For small ar ca , T "" 1 Tf' f} 
Gravity escapement Article on "Clock" 
d . Newton's law of motion. 
(1) Inertia: 
every body continues in its state of rest or uniform 
motion in a straight line unless impelled by external 
force to change that state. Mud flies from a 
carriage wheel along a line tangent to -,•:the circumference. 
Ball whirled by string constrained(centripetal force) 
to move in a circle. The reaction results in 
centrifugal force. Cream separator, loop the loop, 
engine governor, centrifugal clothes dryer. Discussion 
of banking of running tracks and raising outer rail of 
car tracks on a curve. 
(2) Second law. 
Rate of change of momentum is proportional to the 
force acting and is in the direction of the force. 
Path of a bullet. 
• 
• 
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( 3 ) Third law . 
To every action there is an equal and opposite reaction. 
Kick of a gun. Recoil used in "disappearing" gun • 
Jumping ashore from a rowboat. 
e. Airplane. 
Gasoline engine turns a propeller which drives the plane 
forward. The forward motion produces an opposing force 
from the resistance of the air. As the plane drives 
forward at an angle, the wind force may be resolved into 
two compounds one vertically upward and one horizontal. 
If the vertical component is greater than the weight, the 
plane moves upw~rd; if less, downw~rd. 
To keep the plane moving forward the force of the propeller 
mu~t exceed the horizontal resistance. For a plane to glide, 
it must be horizontal and the center of gravity must b~ , .at 
the same point as the center of the pressure of the air. 
Fold a piece of paper in half, refold the upper half twice 
upon itself making it one fourth its original width and 
fasten it to the lower half with paste. When started 
slowly with the folded edge forward, the plane glides to 
floor; when started thin edge forward, plane turns at 
once and then glides thick edge forward; The heavier 
the paper, the greater the speed. Millikan and Gale: 
"Practical Physic&' 7!-!0. 
7• Mechanics of solids. 
a. Work is measured by· -~he force multiplied by the distance 
I 
• 
• 
12 
through which the body moves in the direction of the force. 
Work is done if a book is lifted from a desk, but no work 
is done if the book is held at rest • 
Erg is the work done by~ force of . one dyne in moving a body 
one centimeter in the direction of the force. Joule::: 10 7 ergs. 
b. Two sin~le machines. 
(1) Lever - a rigid bar resting upon a support called a 
fulcrum. 
(a) Three classes. 1. When the fulcrum is between the 
applied force and the resisting force. Seesaw;crowbar, 
shears, balances. 2. When the resisting force is 
between 1fhe fulcrum and applied force. Wheelbarrow, 
nutcracker. 3· When the applied force is between the 
fulcrum and the resisting force. 
(b) Law of lever. 
Sugar tongs, forearm. 
For equilibrium the sum of all the moments which tend to 
turn the lever in one dirextion must be equal to the sum 
of all the moments which tend to turn it in the other 
direction. {_ L =o ) i-R· A~-= 1-A· AA 
The gain is either in (1) force, or (2) speed. (1) 
Wirecutters. (2) Shears. 
(c) Crank and axle - modified le~r 1 • 
Windlass, hoisting derrick. 
(d) Pulley. 
Neglecting friction and the weight of the pulley blocks 
} 
the force necessary to support a given weight equals the 
• 
• 
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weight divided by the number of parts of rope 
supporting it if the rope is a cantinuous one. 
Fixed pulley ~ window cord. 
movable pulleys. 
Various systems of 
(2) Inclined plane~ a surface at an angle with the horizontal. 
Force: Resistance ==Height : Length 
The "'grade" of a hi 11 is ratio of the height to length. 
Wedge is a double inclined plane. 
Screw is an inclined plane woui\d upon an axis. While 
the force moves the screw a complete circumference, the 
resistance moves the axis merely the distance ?f the 
pituh. Ratio of weight moved to force applied equals 
r~tio of circumference described by end of lever to 
• pi toh. Jack screw, vice, letter press. 
c. Power- the rate of doing work. P == W/t. 
(1) Horse power equals 550 foot pounds per second. 
(2) Watt equals ~oule per second. 
(3) Kilowatt- equals 1000 watts. 
A locomotive usuallJ has 500 to 1000 horse power. 
d. Energy .... the ability to do work. 
. I !L 
( l) Kinetic or energy of motion L K- T ""- \f 
Running water, moving baseball, falling object . 
(2) Potential or energy of position £. -=- -'+\-\ 
-p . 
Coiled spring, rook on the edge of a precipice. 
In a pendulum, energy is all potential at end of arc, all 
kinetic at mid point and both kinds a.t intermediate points. 
) 
• 
• 
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e. Friction or resistance to motion. 
(1) Rolling friction ve eliding friotion. 
(2) Laws of friction . 
Coefficient of friction is the ratio of the force of 
friction to the force pressing the surfaces together. 
Man walking upon ice, snow, or dirt. 
(3} Friction often an advantage: chains on automobile tir es, 
starting train, nails, walking. 
f. Mechanical advantage arid :efficienoy.; 
(1) Mechanical advantage of a machine is the ratio of the 
resistance to the effort. 
(2) The efficiency of a machine is the ratio of the output 
to the input. 
In the jackscrew the mechanical adv&ntage is great but 
because of friction the efficiency is small. 
g. Practical applications. 
(1) Sewing mach ine is a combination of levers, crank an~ axle, 
and inclined plane. 
(2) 
(3) 
( 4) 
(5 ) 
(6) 
A needle is a wedge. 
A Yale lock is a wedge and crank and axle. 
Hammer is a bent lever 1. 
Crane is a combination of lever, pulley, and crank and 
axle. 
Wind mills and undershot water wheels use kinetic energy 
of wind and water. 
(7) Sandblast is an application of kinetic energy of sand to 
cut figures on glass, to clean castings, and to make 
' -
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frosted glass. 
S. Mechanics of liquids. 
a. Force and pressure. 
(1) Force of liquid under gravity.= A h d g. 
(2) Pressure of liquid under gravity= h i g 
(3) Illustrations. "Water seeks ita own level·" 
Series of vertical tubes o~ different cross sections 
all opening into the same container filled w~th water; 
standpipe; arteai~n well. Standpipes, canal looks, 
and dams must be constructed strong enough to withstand 
the force of the water. 
b. Pasoal1 s law 
Pressure applied to any part of an enclosed fluid at rest 
is undiminished, and equally in all directions, throughout 
the mass of the fluid and acts perpendicularly to t h e opposing 
surface. 
Hydraulic press. Mechanical advantage equals D 2/d.2 
The hydraulic press is used for baling cotton, stamping metal, 
extracting oil from seeds, lifting heavy weights, pressing 
oar wheels on axles. 
In the hydraulic elevator, the cage is at t h e top of 
the larger piston, the force of the city water supply in 
the supply pipe acts as the smaller piston. The shaft of 
t h e water pit is ~as deep as the height of the building unless 
a system of pulleys is used. The cage is forced up or 
allowed to fall aocording1as the pull on the rope controlling 
• 
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the valves opens the supply o~ the waste pipe. 
c. Archimedes'> princip1.e - A body immersed in a fluid is 
buoyed up by a force equal to the weight of the fluid 
displaced. A floating object sin~s until the weight of 
the water displaced equals its own weight. Steel ships 
float because the total weight of the material and air 
within the ship is l~ss than the weight of water which 
would have to be displaced if the ship sank. A person 
will float on water as long as the lungs are filled with 
air. A person can swim more easily in salt water than in 
fresh. 
d. Specific gravity of a body is the ratio of its weight to 
the weight of an equal volume of water. ~ Then by Archimede~~ 
principle the specific gravity of an object is its ratio of 
its weight to the loss of weight in water when the object is 
submerged. (An object lighter than water may be submerged by 
ad..ding a sinker and then subtracting the weight of the 
submerged sinker thus finding the loss of weight when object 
is submerged). 
To find the specific gravity of a liquid an hydrometer 
may be used or divide the loss of weight of some object in 
the liquid by the loss of weight of the same object innwater • 
Both methods are applications of ArchimedeS ~ principle. 
Archimedes found that the crown of Hi~to, the tyr~nt of 
Syracuse, was not made of pure gold because the loss of weight 
in water was not that of an equal amount of gold, e.i, the 
specific gravity was not that of gold. 
• 
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e. Surface tension. 
The tendency. of any liquid surface to act like a stretched 
elastic membrane is called surface tension. Ts-:=. - -rF-A 
If a drop of oil is placed in a volume of a mixture of 
alcohol and water of the same density, the drop will be 
spherical, for a sphere has the smallest surface for a 
given volume. 
Soap film across a circle of wire with a thread loop 
suspended. 
Oiled needle floating on water. "Lucky bugs." 
Shot are made by pouring molten lead through a sieve 
and allowing it to drop into cold water from a tower. 
f. Capillarity- the tendency of a liquid to be elevated or 
depressed in tubes of small diameter. 
(1) Cause: the combined forces of adhesion and cohesion. 
(2) Rules. 
(a) If the liquid wets the glass the adhesion is greater 
than cohesion and t Le liquid is drawn upward. 
(b) If coh esion is greater than adhesion, the liquid is 
depressed. 
(3) Examples: Liquids rising in wicks, blotting paper, 
spots of grease removed by blotting paper and .ra h9it 
flatiron, irrigation. "Dry farming" is the stirring 
of the surface soil to prevent moisture rising through 
capillary action to the surface and there evaporating. 
R.oads are rolled and oiled to prevent capillary action 
downward. 
• 
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9. Mechanics of gases. 
a. Atmosph ere. 
(1) Air has weigh t . 
lS 
Exhaust ~ flask and wei gh. 
and again weigh. 
(2) Air exerts pressure. 
(a) Hero's fountain. 
(b) Barometer . 
Admit air into the flask 
Galilee found that a pump could not raise water more 
than 32 feet above the level in the well. His pupil 
Torri·celli discovered that mercury would rise only 
one t hirteenth as high and as it was thirteen times 
as heavy as water he decided that the rise was due to 
the pressure of the air. The Torricelli tube was 
practically our barometer . Pascal discovered that 
the air pressure changed from day to day and also 
with the height above sea level. 
The first interesting barometer was that of Otto 
von Guericke (1650). He used a column of water which 
passed through the roof of his house. A wooden image 
floated on top. If the weather was stormy, the image 
sank below the level of the roof; if it was p leasant, 
the image rose above the roof. 
witchcraft . 
He was accused of 
One type of modern barometer is a column of 
mercury with a vacuum above it . The height of the 
column indicates the pressureof the air . Corrections 
• 
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in readings must be made for capillarity. The normal 
pressure is indicated by a height of 76 om., a p ressure of 
1033.6 grams per square cerntimeter . 
A self-recording aneroid barometer is used for 
weather reports and on air-planes to indicate height. 
(c) Magdeburg hemispheres were first used by Otto von 
Guericke and consist of two metal hemispheres which 
fit tightly together. When the air between them 
is exhausted, the pressure of the air on the outside 
makes it difficult for two persona to pull them apart. 
b. Boyle's law. 
When the volume of a gas is unchanged, keeping the tempera-
ture constant, the pressure varies inversely as the volume. 
The pressure which a gas exerts is directly proportional to 
ite densitY. Algebraically: ~. 1 V!l. = P2 V2 and P1;P2=D1:D2. 
This may be shown by pouring mercury into a U-tube 
with a closed short arm. When the level of the mercury is 
the same in both arms, that is, when the pressure of one 
atmosphere is exerted upon the air, measure the height of 
the column of confined air. Add enough mercury to equal 
one atmosphere and again measure the height of the column of 
air. The second value will be found to be one-half the 
first. 
c . Practical applications of gas pressure. 
(1) Compression and exhaust pumps. 
(2) Vacuum cleaner has a motor driven fan which produces 
• 
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a partial vacuum. As the air rushes in it carries with 
it dust from the article that is being cleaned. 
(3) Air is pumped into a pneumatic tire and the pressure 
is transmitted undiminished throughout the inner surface of 
the tube. 
(~) Westinghouse air-brake. A compressor keeps an air 
pressure of about five atmospheres in a reservoir. 
When the engineer opens a valve, the compressed air rushes 
into a cylinder and pushes a piston so that its shaft sets 
the brakes against the wheels. 
(5) For work under water compressed air is pumped into a 
diving bell or a pneumatic caisson thus forcing out the 
water. 
(6) Compression and exhaust pumps are both used for pneumatic 
dispatch. 
(7) Lift and force pumps, siphons. 
(8) Submarine has compartments which may be filled with water 
to increase the weight so that the submarine will sink . 
Compressed air is used to force the water out of the 
compartments. 
(9) Air ships are balloons filled with hydrogen or helium 
ga.s, both lighter tnan air, and fitted with steering 
mechanism and engine driven propellers. 
C. Sound. 
Introduction: Wave motion. 
If a. series of balls are each hung from two supports so 
that ~ the balls are in a straight line and just touch eaoh 
• 
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other 1 an impulse given by raising the first ball and letting it 
strike the next will be transmitted by the balls so that the 
last ball will rise to the height of the first. The inter-
mediate balls will not have moved appreciably but will have 
transmitted the energy to the next and the wave is called a 
longitudinal wave. In this wave the motion of the particle 
is in the line of the direction of the wave front. 
A cork on the surface of a pond may be seen to oscillate up 
and down if a stone is dropped near it into the pond. The 
wave will move outward from the center of the disturbance but 
the water as shown by the behavior of the cork does not move 
far from its original position. The same type of wave is 
formed when a person jerks a rope, which is fastened at one end, 
up and down. The waves move outward from the hand but the F o}-
"k 
rope move up and down. Such a wave is called transverse 
because the motion of the particles takes place at right angles 
to the direation of the transference of the energy. 
Both types of wave motion are excellently illustrated by 
sound waves (longitudinal) and light w~ves (transverse), the 
medium being in the former case any elastic solid or fluid 
and in the latter case the ether either "loaded" or not with 
matter. 
Both these types of waves may be reflected, refracted, 
and diffracted. 
In any wave motion, V -:::: n A. where V is the velocity; 
n, the frequency; and~ is the wave length. 
• 
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1. Source and transmission of sound. 
a. Source: Any vibrating body will emit a sound wave which 
will be audible under proper conditions . 
b. Transmission: Sound is transmitted by material substances 
and not by a vacuum. Place an alarm clock, with the alarm 
set to sound in about three minutes, under the bell of a.n 
exhaust pump . Exhaust the air. When the alarm goes off 
the clapper will be seen to vibrate but no sound or only a 
faint sound will be heard. 
Examples of sound transmission: ear against trolley 
post when car is far off, striking together of two stones 
under water and reception of sound by ear under water. 
2. Velocity. 
Careful experiments have determined the velocity of sound 
in air as I 0 <3' 't feet or -3-3 I. -3meters per second at 0°C. If 
the temperature is higher o'r lower the density of the air 
is changed and the velocity of the sound is changed 2 feet 
or .6 meter per second for every degree change in temperature. 
The more dense the medium the greater the velocity. For a 
sound to travel a mile in air requires approximately five 
seconds, hence the custom of counting time between a flash 
of lightning and the sound of thunder and computing the 
distance of the storm. 
). Characteristics. 
a.. IntelJaity. 
The intensity of a sound depends upon the initial energy 
of the motion, the absorption of energy, and the distribution 
• 
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of sound. The energy is affected by amplitude , a, of the 
vibration, by the density, d , of the transmitting medium, 
and by the number of vibrations per second, n, and is found 
by the formula £. =- .1 if'.1.... cl 'V\.J.. o...l.. 
The speaking tube, ear trumpet, and megaphone increase 
the intensity of sound because they do not allow the waves to 
spread out and so localize the energy. 
The homogeneity of the medium is also a factor w~ich 
determines the intensity of a sound. 
b. Pitch. 
(1) Set a wheel with a saw- toothed edge in rotation and hold 
a card against the edge. As the wh eel slows down the 
pitch falls. It is evident that the card vibrates less 
frequently as the speed of rotation lessens and the 
pitch is determined by the number of vibrations per 
second. If the speed of rotation of a phonograph is 
increased, the pitch is raised. 
(2) Tne human ear hasa range of hearing from 16 to 40 , 000 
vibrations per second. If tuning forks are too large, 
the forks may be seen vibrating but no audible sound *ill 
be produced. It is said that some people cannot hear 
the lowest note on a piano and others cannot hear the 
chirp of a cricket. 
(3) The true major scale is made up of three major triads 
whose notes have t h e ratio 3 : ~ : 5 with octaves always 
in the raio of 1 ~ 2 . Such scales would require about 
fifty notes to an octave in order to. play in each key: 
C sharp is not the same as D flat, etc. Bee au a e this 
• 
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scale would be impossible to use on such an instrument 
as a piano, there has been devised a "tempered" scale 
into which an octave ia divided into twelve equal intervals, 
1!1. 
each equal to the \,!"£: · The pitch of A has been 
agreed upon: 426-2/3 V-ibrations per second for the 
true scale; 435, for the "lnternational"pitch ; and 440, 
for the American Federation of Musicians" pitch . 
c. Quality. 
(1) If a body vibrates as a whole, or so that it gives ita 
lowest note, the note is called the fundamental. 
(2) A note whose frequency is a multiple of that of the 
fundamental is called an overtone or harmonic. 
(3) The quality of a sound depends upon the number of over-
tones present and their relative intensities. 
4. Reflection of sound. 
a. Reflection takes place in general when a wave meets a 
tioundary where there is a change of medium. Reverberation, 
echo, sound foci. 
b . Resonance, in the general sense of the word, is the reenforce-
ment of sound by ~he addition of the or~ginal wave and the 
reflected wave. A column of air approximately one-fourth 
the length of the sound wave may act as a resonator. 
holtz resonators analyze sound. 
5· Interference. 
Helm-
a. Interference is the interaction of two seta of sound waves by 
which at certain points one is more or leas neutralized by 
• 
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the other. 
b. Beats are the periodic increase and decrease in the intensity 
of a sound by the interference of sound waves. In a.ny two 
sounds the number of beats per second equals the difference 
in the frequency of vibration. Move a. vibrating tuning fork 
quickly toward and away from a wall. 
and Doppler's principles. 
6. Forced vibrations. 
This illustrates beats 
Energy may be transmitted through the material and so cause a. 
second object to vibrate reenforcing the sound by involving 
much more of the surrounding medium. Violin, sounding board. 
7. Sympathetic vibrations or resonance in the "specific sense." 
A body may be set in vibration by a sounding body if its pitch is 
the same as that of the sounding body or an overtone of that 
pitch. This is illustrated by the sympat·hetic vibrations 
of pendulums. 
Compare: route step on a bridge, canoe rolling and pitching, 
building vibrating, etc. 
S. Musical instruments. 
& • String. v :I_ 
(1) \.) =- 'M. 
~v7; ( 2 ) l'L :::. .'t -t YV~ 
b. Pipe -- air column. 
(1) Open pipe. 
(a) Length of pipe is one-half wave length of its fundamental. 
(b) Kay give any harmonic. 
(2) Stopped pipe (closed pipe) 
• 
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(a) Length. of pipe is one-fourth the wave length of ita 
fundamental. 
(b) Even harmonica alone are present . 
(3) Reed and air jet. 
c. Vibrating rods, plates , and membranes. 
d . Illustrations: piano, violin, organ, flute, phonograph, 
choralcello. 
D. Heat. Molecular kinetic or potential energy. 
1. Effects of heat. 
a. Expansion . 
( 1) Examples. 
(a) Solids. Ring and ball. Breaking of fences in 
winter . Expansion allowed for in car rails, steel 
bridges, stove grates. 
(b) Li~uids. Mercury in a thermometer. 
Exceptional expansion of water: maximum density is at 
4°c. Ice forma on top of pond. 
(c) Gases. Simple Galileo thermometer. Toy fire balloon. 
(2) Coefficient of linear expansion is the increase in 
length per unit length per degree rise in temperature. 
Coefficient of cubical ·: empa.nsion is three times that . of 
linear. 
Unequal expansion: compensated balance wheel, compensated 
pendulum, thermostat. 
b. Temperature- the relative heat condition which determines 
the direction and the intensity of the flow of heat energy . 
• 
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(1) Thermometers. 
(a~ Scales. Fa.hrenhei t, Centigrade ~ Absolute C =-~ (F .... 32). 
T =- C + 273° . 
If the pressure is constant, the change in volum.e of 
hydrogen per 1°C. is 1/273 of the volume at 0°C. 
0 At ""' ·-273 C . then the ktnetic energy of the molecules 
would be zero and the volume would be zero if hydrogen 
did not liquify before this temperature were reached. 
Law of Charles and Gay-Lussac. 
{!V=-~~J. . V= Yo ( \ +Olt_J' 
Law of Boyle and Charles. 
PV=KmT 
(b) Types of thermometers. 
Gas-hydrogen, nitrogen, air. Jollyts air thermometer: 
with volume constant pressure is used to measure the 
temperature. 
Galileo*s air thermometer subject to atmospheric 
pressure and so inaccurate. 
Liquid. 
Alcohol or ether used to measure temperatures that are 
moderately low. Mercury used between -40°C. and 
4-5cf c . Maximum and minimum thermometers used in 
weather observations. Mercury and phenol (invented 
by Six) or alcohol. Kimball: "A College Text-book of 
Physics" page 21+2. Duff: "A Text-book of Physics" 
page 209. 
• 
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The clinical thermometer is a type of maximum 
thermometer. 
Metal . 
A stove thermometer is made with a compound bar or 
coil of brass arid steel. The bending of the bar 
or the tightening of the coil indicates the change 
in temperature. Very high temperatures are measured 
by electrical effect or by radiation of heat or light 
(p,:romet era) • 
{2) Unit of heat. 
A calorie (gram calorie) is the amount of heat required 
to raise a gram of water from 15° to 16°C. The specific 
heat of a substance is the ra.tlo of number of oal.ories re-
quired to raise one gram of the substance one degree 
Centigrade to the number required to raise the same 
quantity of water from 15°to 16°C. This may be deter-
mined by the method of mixtures. 
c. Changen of »res sure. 
When a gas is heated the motion of the molecules is increased 
and so the pressure is augmented; and contrarywise, if pres-
sure is applied, the motion of the molecules is increased 
and the temperature rises . The cylinder of a hand bicycle 
pump becomes heated by compression ~ the gas as well as 
by friction. 
d. Change of state. 
(1) Temperature of a pure substance is constant during 
cr...a.nge of state. The temperature of a mixture of ice 
• 
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and water will remain constant after it reaches 0°C. 
(provided it is constantly stirred) until all the ice is 
melted . Vegetables do not cook more quickly if the 
water is boiling vigorously than if it is boiling more 
quietly. 
The heat of fusion or vaporization is the number 
of calories of heat required to melt or vaporize one 
gram of a substance without producing a change in tempera-
ture. Melting ice in a refrigerator absorbe the heat 
of the air in melting and the latter cools the refrigerator. 
Ice blanket is poor economy. Tubs of water are som~ 
times placed in a cellar to keep vegetables from freezing. 
The water gives up heat as it freezes. 
Hang two thermometers· side by side and wind the bulb 
of one with a wick which extends into water. After 
some minutes the wet bulb thermometer will : . .show a lower 
reading due to the heat absorbed from it to allow the 
water to evaporate. In hot countries porous water 
bottles are hung in the shade where there is a breeze, 
the water in the bottle becomes colder. Perspiration 
or an alcohol rub lower the temperature of the body by 
absorbing the heat in evaporating . 
Clothes dry in winter by a process called sublimination. 
In this process a solid turns to a gas without becoming a 
liquid. Put a few crystals of iodine in a test tube and 
heat. If the purple vapor is allowed to pass into a 
cold bottle crystals of solid immediately appear. "Moth 
• 
balls" sublime. 
Some solids expand and some contract when they 
solidify . Coins must be stamped and not cast for metals 
such as copper, niokle, and silver oontr&ct on cooling; type 
metal may be cast for it expands. Water expands when it 
freezes. A water pipe bursts when the water freezes. 
Rooks are broken by the freezing of water which has entered 
small cracks. 
(S) Effect of pressure on change of state. 
If a substance contracts when it melts, increase in 
pressure will aid melting and the substance will melt at a 
lower temperature. A weight suspended by a wire placed 
over a cake of ice will cause the wire to out slowly through 
the ice but will leave the block solid (regelation). 
"Dry" snow may be made into snowballs by pressure. A 
groove is formed by a skate ("pressure" very great). Water 
in a open tub will freeze more ~okly than water in the 
pipes. 
Boiling takes place when the pressure of the vapor 
equals that of the atmosphere on the surface of the liquid. 
If water is boiled in an air tight metal container fitted 
with a. one-holed stopper through which a thermometer has 
been thrust thetbermometer may register 10~ or 1e;0 c. 
Heat water in a round bottomed flask and put in a rubber 
stopper when the flask is full of steam. The water will 
boil again if the flask is inverted and cold water is 
poured over it. Sugar refineries use vacuum pans to 
prevent scorching of syrup during evaporation. Pressure 
cookers are used on mountain• or to save time. The action 
of a geyser is due to effect of pressure on the boiling 
point. 
(3) Effect of an impurity on the freezing and boiling point . 
A solid dissolvedin a liquid raises the boiling point. 
The degree of concentration in candy making is told by the 
temperature of the boiling point. 
A solid dissolved in a liquid lowers the freezing point. 
Fresh water freezes more easily than salt. Salt is added 
to ice for a freezing mixture. Salt is sometimes th:gwn 
on icy pavements to melt the ice. 
e. General practical applications. 
(1) Distillation is used to purify w~ter. Gasolene and 
kerosene ~nd ~ifferent grades of gasolene are separated 
from each other by fractional distillation. 
(2) Artificial ice manufacture and cold storage plant. 
(3) Liquid air. 
(~) Steam engine transfers heat energy into mechanical energy. 
(5) Steam turbine. 
(6) Gas engine - automobile. 
(7) Steam heating. 
Vacuum valve. 
• 
2. Transference of heat . 
a . Conduction. 
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When heat energy is. passed from .molecule to molecule 
from the warmer .to the colder parts_ of a. bod·y the . process 
is called conduction. Twist together .the en~s of t hick 
copper, iron, and Gerrran-.silver ~vires about 50 em. long . 
Let a. Bunsen flame .be applied to the. twisted ends and let . 
a match be slid .alowly along each wire from the cold toward 
the hot end until the h eat ignites it.. Of the three copper 
is the best and German-silver the poorest conductor. 
Principle of the DaYy safety lamp ; place a piece of 
wire gauze upon a tripod with a . Bunsen burner beneath it ; 
The gas may be lrghted either above or below the gauze 
and _the flame will not pass t hrough. 
Water may be boiled at the top of a test tube and the 
water at the bottom still be cold. Water is a poor con-
ductor. Still air is also a. poor conductor. Doub le 
windows are effective because of the air space. Thermos 
bott lea and fireless cookers are poor conductors, t h e .. 
latter may be easily made at home. Fresh ly. fallen snow 
is a protection to vegetation. 
b. Conllection . 
When heat energy is . distributed by the motion of a 
stream of fluid, th~ process is called convection. 
Fit a. small flaa~ with a. two-holed stopper. T~rough 
t h e holes thrust two short pieces of glass tubing of equal 
• 
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length so that ~ne will extend nearly to the bOttom of 
the flask and the other will just pass through t~e stopper. 
Fill the flask nearly full of colored water and heat it . 
Put in the stopper and sink in a large glass of clear 
cold water. A convection current is set up. 
Take two flasks and fill one with water and t h e 
other partly full of colored water. Fit each with a 
two-holed stopper and thrust the ends of the two pieces 
of glass tubing through the holes, adjusting t he glass 
tubing so that an end of each is near the bottom of one 
flask ~nd only through the stopper of the other. 
Place the whole on a tripod and support so that the flask 
containing the colored liquid is inverted and above the 
oth er. Heat the lower flask. The convection current 
set up illustrates the principle of the hot water heating 
system. 
As a pond cools the cold water sinks setting up 
convection currents. 
Bore two holes an inch and a half in diameter in 
the cover of a box; place a candle in the box so that the 
flame comes above the cover, and place a lamp chimney over 
each hole. Hold a slow match over the top of each 
chimney and note direction of the current. Hot air 
furnace, pipeless furnace, jacketed stove. 
The direction of convection currents in a room may 
be studied by using a small wooden box with ene glass side. 
• 
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Bore holes in the sides of the box and fit with large 
sized stoppers; place lighted candles in different parts of 
the box and note the effect upon the flames when different 
holes on opposite sides of the box are opened. 
Tower and Lunt: "The Science of Common Things" page 14-. 
· . o. Radiation. 
When energy is transmitted by ether . waves the process 
is called radiation. 
A Galileo thermometer will receive heat from a hot 
iron ball even if the ball is above it. The sun heats the 
earth by radiation. Elass is a poor conductor of heat and is 
also opaque to radiant heat and so it is used in greenh ouses 
and for cold frames ("degradation" of energy). 
A dark object absorbs heat better than a light one; 
a rough , better than a polished one. A radiometer. Take 
two pieces of tin and cover one with lampblack. Suspend 
them so that they will be equally distant from a Bunsen 
burner and the blackened side of the one tcward the burner. 
Fasten,with a little waa, to the other aide of each a piece 
of chalk. Light the burner. Note which piece of chalk 
falls first. Spread a black and a white piece of cloth 
on the ano~ in the sunlight on a winter's day. Th e bl~ck 
piece will sink first. 
A thermos bottle has a coating of silver to reflect 
radiant heat. 
Radiant energy travels at the rate of 186,eoo miles 
• 
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per second and in straight lines. The intensity at any 
point is directly proportional to the temperature of the 
source and inversely to the square Gf th:e set'tlare of the 
distance from it. The rate .of cooling by radiation is 
proportional to the difference between the fourth powers 
of the absolute temperatures of the cooling body and the 
surrounding medium. Energy is always radiated in definit e 
amounts which vary for different wave length (quantum theory). 
E. Light. 
1. Light is a transverse wave motion in the ether propagalt;ed 
with finite speed and in a atraight line in an homogeneous 
medium. 
a. R.ectilinear propagation is proved by pinhole photograj)hy 
and by shadows . 
b. That the speed is finite, 1S6,000 miles per second in air, 
is shown by the experiments of Roemer, Bradley, Foucault, 
Fizeau, Michelson, and Newcomb. 
c. That light is a wave motion is proved by Young's famous 
interference experiment. 
d. That light is a transverse wave motion is shown by Fresnel 
polarization experiment . 
2. Intensity of light, like that of heat v~ies inversely as 
the square of the distance. It ia measured in candle power, 
its ratio to the intensity of a "standard" candle one foot 
away. The candle power may be found by a Bunsen or R.umford 
• 
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photometer. 
3. Reflec.tion. 
li. Law . 
(1) Incident, normal, and reflected rays are all in one plane. 
(2) Angle of reflection equals angle of incidence. 
b.Images in mirrors. 
(1) Plane mirror: Image is always behind the mirror, erect, 
virtual, same size as the object, and at the same distance 
from the mirror as the object. 
(2) Spherical mirrors. 
(a) Principal focus is the convergence point for rays parallel 
to the axis of the mirror. It is located half way be-
tween the pole (center) of the mirror and the center 
of curvature. 
(b) Convex mirro~: Image is always behind the mirror, 
erect and virtual. 
(c) Concave mirror. 
If the object is outside the focus, the image is 
also outside the focus, and center of curvature is 
between object and image, Image is real and inverted. 
If ·the object is inside focus, image is behind the 
mirror, virtual and ere·ct. 
(d) F·ormulae: 
1 + 1 - 1 -
Object distance Image distance Focal length 
• 
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Length of image _ Image distance 
Length of object Object distance 
Distances are always measured from the pole of the mirror . 
Those which are opposite in direction to the incident 
ray are positive. 
4. Refraction. 
a. Refraction is the bending of a ray of light due to the 
change in velocity as the ray passes from one medium into 
another of different densi. ty. If a coin in a dish of 
water is viewed obliquely, it appears nearer the surface 
than it really is. 
b. The ratio of the sine of the angle of incidence to the 
sine of the angle of refraction is called the relative 
index of refraction or the index 
passes from air into any medium. 
of refraction when light 
I - Speed in air 
R - Speed in other medium 
c. Critical angle and internal reflection. 
(1) When light passea from one medium to one less dense, 
as from water into air, the ray is bent away from the 
normal and may pass along the surface. The angle of 
incidence in this case is called the critical angle. 
(2) The sine of the critical angle is the reciprocal of 
the index of refraction . 
(3) Light is internally reflected if it strikes the surface 
at more than the critical angle. 
(4) If one looks obliquely i.nto a glass of water, the 
fingers holding the glass cannot be seen. Tne critical 
angle is im~ortant in cutting jewela. 
• 
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d. Lenses. 
Definitions and formulae as for spherical mirrors. 
Distances are measured from the optical center of the lena 
and are positive if in the direction opposite to that of 
the incident rays. 
5· Dispersion and color. 
a. A eub~tanoe is said to have the power of dispersion if it 
separates light into a band of color. Place a priam in 
the path of a beam of sunlight. The light is not only 
bent but spread into a band of color called a spectrum. 
The long red wave (.00007 om.) is bent the least; · theahort 
violet wave ( .00004 om.), the most. 
b. The color of an object is due to the wave lengt~of the 
light reaching the eye. This depends upon the oha.ra.oter 
of the light and the power of absorption of the material. 
Compare colors illuminated by sunlight and by sodium flame 
or Cooper-Hewitt lamp. 
o. Addition of colora. 
(1) Complementary colors are two colors which added give the 
sensation of white. Whirl blue and yellow card. 
(2) Primary colors are red, green, blue violet. Their 
complements, peaoook blue, crimson, and light yellow, 
are the primary pigments. In color photography, three 
photographs JLrte taken each through a filter of a primary 
color. Half-tone blocks are made from these and printed 
one over the other with inks of the three primary pigments. 
• 
• 
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( 3) Subtraction of colors -- mixing pigments. 
d. Colors of metals, butterflies, organic dyes are due to 
selective reflection. Colora of soap bubbles, oil on 
water, crack in glass or ioe, and Tiffany glaas are due to 
interference. 
6. Diffraction. 
a. If light is transmitted thrcugh an opening small in com-
parison to the wave length, it is spread out. This ' phe-
nomena is called diffraction. 
b. Diffraction gratings afford ·a method of measuring wave 
length. 
c. The color of shells, some feathers, and spider webs, and 
the appearance of halos and coronas result from diffraction. 
7· Polarization. 
a. In light waves the vibrations, on the oid elastic solid 
theory, are wholly in a pla~e at right angles to the ray 
direction. 
b. A beam of plane polarized light is one in which all the 
~ibrations take place in one plane perpendicular to the 
ray. Light from the sun is polarized by dust and by 
water particles. 
S. 0ptical instruments • 
a. Photographic camera. 
b. Projection lantern. 
c. Microscopes: single, compound, projecting. 
d. Telescojies: astronomical, terrestrial. 
• 
• 
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e. Prism binoculars. 
F. Magnetism. 
1. Abody which will attract iron filings in air is said to be 
magnetized. 
2. Lawa. 
a. Magnets, whether natural (magnetite) or artificial, have 
a~ least, two poles called Nand s. If a magnet is 
"freely" suspended, it will set itself tangent to a line 
of magnetic force. 
b. Two like poles repel each other, two unlike poles attract 
each other. 
c. Coulomb's law of magnetism: 
3· Magnetic fieid- a region in which there are magnetic forces. 
a. A unit pole ia one which if placed one centimeter from an 
e.qu.~l pole in vacuum will repel it with the force of one 
dyne. 
b. The strength of a magnetic field at any point is the force 
in dynes on a unit pole placed at that point. 
4. Magnetic induction. 
a. As long as a magnet is held near an .iron nail, the nail 
acts like a magnet. 
b. Soft iron is easily magneti~ed but loses its magnetism 
easily. The ease with which lines of force may be aatab-
lished in a medium as compared with a vacuum ia called 
the permeability. A soft iron case often surrounds the 
• 
• 
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works of a good watch to protect them from magnetic induction. 
c. Hardened steel and Tungsten steel are used in telephones and 
magnetos because of their high retentivity . 
5· Theory of magnetism. 
a. Magnetism is a condition which prevails throughout the 
whole mass. A piece of watch spring may be magnetized by 
strojing with a magnet. Breaking the spring does not 
destroy i~magnetism but there will be asmany ~agnets as 
there are pieces. 
b. The molecules of a magnetized bar are supposed to act like 
tiny magnets with like poles in the same direction. A bar 
of steel is saturated when all the molecule~ are similarly 
oriented. If a magnet is heated red hot the molecular 
structure is changed and the magnetism is in part or wholly 
destroyed. 
6. Earth as a magnet. 
a. The earth acts as a huge magnet. A magnetized needle, 
magnetic compass, free to move about a vertical axi s; ~ill 
take a position in the magnetic meridian. If the needle 
is free to move in a vertical plane, it will dip toward 
the earth except at the magnetic equator. 
b. The earth's magnetism varies somewhat because the geo-
graphical and magnetic poles do not coincide, the magnetic 
poles shift slightly, and deposits of iron ore produce local 
effects. 
• 
• 
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c. Owing to magnetic induction in the earth 1 s field, the tops 
of steam radiators are S-poles in the northern hemisphere . 
G. El ectricity . 
1. Charges at rest or static electricity. 
a . Theory. 
(1) The electron t heory supposes that every atom of matter 
in a neutral state is made up of certain number of ele-
mentary positive units or protons and an e~al number of 
negative units or electrons. 
(2) The nucleus of the atom always has an excess of protons 
and about it revolve the number of electrons equal to 
this excess. 
(3) When an atom loses one or more of these outer electrons, 
it is said to be ionized and thus positively charged . 
If it gains an electron it is then megatively charged. 
(4) An electron has an apparent mass of l/1S46 t~e mass of 
the hydrogen atom. 
b. Methods and laws of electrification. 
(1) Contact and friction. 
(a) Glass+ and silk -, vulca.ni te - and flannel+. 
A fountain pen will p ick up small bits of paper if it 
is rubbed vigorously on woolen cloth . 
(b) An electroscope may be used to determine kind of charge. 
(2) Laws. 
(a) Coulomb's law in electrostatics: F ~ ~~­
K r 
• 
• 
(b) Like .charges repel, unlike charges attract. 
(c) A body is said to have a unit charge if it repels 
(3) 
an equal and similar ctArge with the force of one dyne 
when placed a centimeter away from it in vacuum. 
Electrostatic induction. 
Cover two egg shells with tin foil, or gild them, and 
suspend them by a silk thread so that the large ends 
touch. If they are separated while a charged rod is 
held near one of them, the shell nearer the charged 
body will have an opposite charge, while the one 
further away will have a like charge. If a finger is 
placed on a body while it is being charged by induction 
and then the finger is removed just before the charging 
body, the induced charge will beof an opposite kind. 
Electric charges are entirely on the outside surface 
of a conductor. Faraday pail. 
The density of charge is greatest where the curvature 
is greatest where t:B:e e'l:l:rva.t'\:lre ie greatest. Fasten 
a coin to a wooden handle. Charge an irregular shaped 
b~y. Touch the body with the coin and then bring the 
latter near an electroscope. 
If the body has a sharp point, the charge will 
collect at this point and eacape into the air. Light-
ning rods should be provided with many points and should 
be carefully grounded. 
The potential of a conductor is that condition 
• 
• 
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which determines the intensity and the direction of the 
flow of electricity. 
c. Condensers . 
Place a metal plate bottom upward on insulating 
material and connect it with an electroscope. Cover the 
plate with a piece of glass and charge it. Then bring 
a second plate near the first noting that the leaves of the 
electroscope come together. Remove the second plate and 
the leaves will diverge as before. The pressure of the 
second plate lowered the potential of the first but did 
not lessen its charge. A Leyden jar is a condenser. 
d. Comparison of magnetism and statio electricity. 
(1) Either condition may be produced by induction. 
(2) There are fields of magnetic and electric force. 
(3) Magnets have N and S poles; there are two kinds of 
electricity, plus and minus. 
(4) The laws of attraction and repulsion are the same 
(Coulomb r s laws). 
(5) Only a few substances oan b e app!reciably .magnetized, 
amy substance may be electrified. 
2. Crar9es in uniform motion or electric currents. 
a . Theory . 
A conductor is such because (1) t here are carriers and 
(2) they are free to move. In solids the carriers are 
electrons (- charges) which may pass through atoms or 
molecules. The flow of t h ese carriers and the E.M.F . 
• 
• 
are opposite in direction. 
Tn liquids the carriers are ions. 
In gases the carriers are ions and electrons . 
b. Units and formulae. 
(1) Resistance. An ohm is the resistance (R) offered 
by a uniform column of mercury 106.3 em. long, with 
cross section area one square mm., at 0°C. temperature. 
(2) Curr ent. An ampere is the current (I) which will deposite 
.001118 g. of silver from. a silver salt solution per 
second. 
(3) c~~omb is the quantity of charge transmitted by one 
ampere in one second. 
( lt) Electromotive force. 4 V = work/ charge or power I current. 
Volt ( E), a unit of electromotive force, i• the current 
of one ampere througn a resistance of one ohm. 
(5) Ohm's law I ~ E/R. 
(6} Power. A watt (W) equals an ampere times a volt. 
W =I E. 74-6 W =-1 Horsepower. 
A watt = 10 7 erga per second. 
c. Genera.tion of current by chemical action. 
(1) Voltaic cell- historical- copper, zinc, dilute aul-
phuric acid . 
Local action: particles of irr~urities in the zinc cause 
local currents which weaken outer circuit. 
PCb&arization: layer of hydrogen coats the cathode. 
( 2) Leclla~che cell: zinc, carbon, solution:; . of ammonium 
• 
• 
4-6 
chlo~ide, manganese dioxide. 
(3) Dry cell. 
(4-) Battery: two or more cells joined in seriea or 
parallel. Series increased E. M. F. but alao 
increased internal resistance. 
Parallel~ E. M. F. unchanged, resistance decreased. 
d. Effects of Electric eurrent. 
(1) Heating:. 
(a) Experiment: Tower and Lunt "Science of Common Things" 
PP · 292 -294-. 
(b) Joule's law H « I2R t 
(c) Uses: electric household appliances; fuses; 
incandeacent, arc, and mercury vapor laaps. 
(2) Chemical. 
(a) Electrolysis is the decomposition of a compound by 
means of an electric current. ~e cathode attracts 
the + .ions; the anode the - .. i:Ons: Charge must be 
J 
neutralized before gas is liberated or metal deposited. 
Electro-plating, electro-typing, and refining of metals 
by electrolysis. 
where M is the amount of the element 
d~osited and ~ is the electrowchemical equivalent of 
the element . 
(b) Storage cell - stores chemical energy. Current passes 
through t h e ~ell, changing the chemical condition. 
The reverse chemical action generates the current. 
Tower and Lunt: "Science of Common Things" pp. 290-291. 
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Usea: automobiles, submarines, power stations. 
(3) Magnetic. 
(a) A current carrying wire deflects a magnetic needle . 
If the right hand grasps the wire so that the thumb 
pointa in the direction the current is flowing, then 
the magnetic linea encircle the wire in the same direction 
as do the fingers. 
(b) A helix carrying a current acts as a bar magnet. 
Wind insulated current carrying wire around a nail. 
The nail will pick up iron filings. In commercial 
electro-magnets silicon steel is often used for a core. 
The current flows counter clockwise around a north seeking 
pole. The strength of the magnet may be increased by 
increasing the number of turns in the coil or by 
strengthening the current. 
Uses: electric bell, motors, most electrical machines, 
telephone, loading iron and steel. 
e. Measuring instruments. 
(1) Galvanometer and ammeter: a small magnetized needle at 
the center of a fixed coil; or a movable coil suspended 
between the polea of a fixed magnet. The passage of a 
011rrent through the coil causes a defl.ection of the 
needle or of the coil. If the deflection is calibr-ted 
to give the strength of the current in amperes, the 
instrument is c•lled an ammeter. 
(2) Voltmeter is similar to an ammeter except trat it offers 
high resistance to the current and so lessens the potential 
difference but little. 
• 
• 
(3) Einthoven galvanometer. A current carrying wire lies 
between the poles of a magnet. Deflectionsof the wtre 
are dete~ed by the deflection of ita shadow. 
3· Changes in accelerated motion or induced currents. 
A current is induced in a conductor whenever it cuts lines 
of magnetic force. Connect a coil of wire with a 
galvanometer then move the coil toward and away from 
the poles of an electromagnet. The strength of the 
current depends upon the number of lines of force cut 
per second. Current is here alternating. The ~irection 
of the current is such that its magnet·±o field opposes 
the motion of conductor or magnet. 
Increasing or decreasing the number of lines of force 
in a magnetic field induces a current in a conductor 
present in that field. Making and breaking the circuit 
in a primary circuit induces a current in a secondary 
circuit wound on the same core. 
Induction coilr;, transformer with alternating current. 
4. Practical uses. 
a. Dynamo and electric motor Oinduced currents) . 
Millikan and Gale "Practical Physics" pp. 296- 304 
Dull: "Essentials of Modern Physics" pp. 412 - 432 
b. Electric furnace (heating effect of current) 
Resistance furnace: current passes t hrough coil of platinum, 
tungsten, or nichrome wire producing a temperature of 1000°-
20000 c. 
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Arc furnace: arc is produced inside a crucible giving a 
temperature to 3500° C. 
Uses~ to make carbor.•ndum, graphite, nitrogen compounds 
~ from air, high grade steel. 
• 
c. Telegraph and telephone 
Millikan and Gale:"Practical Physics" pp 259- 261 
and 315-317 · 
John Mills: "Letters of a Radio Engineer to His Son." 
d. X- 'lay 
When a discharge of electricity takes place in vacuum,particles 
are emitted by the cath.o:de·• · These give heating and 
fluorescent effects and cast shadows. These patticles are 
electrons and may be deflected by a maghet. 
If the cathoda 1 stream impinges upon a tungsten or 
platinum target, the "anticathode ·" rays called x-rays or 
Roentgen rays are given off. These are waves in the ether. 
They have the power to discharge bodies and to penetrate 
many substances opaque to visible light. 
H. Radioactivity. 
1. Radium. 
(a) Discovered by Madam Curie 1897· 
Pure salt of radium sepatated 1910. 
(b) Emits ot and p particles and Y rays . 
(l)~particles are positively charged atoms of helium. 
(2)f particles are electrons similar to cat~'ode stream 
but differing in velocity. 
( 3) '"(rays are waves in the ether a et up by impact of ~ 
particles on surrounding matter. Th ey are x.-.rays 
• 
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of shorjer wave length. 
c. Disintegration of the atom. 
R.adioactivi ty is a. property of many kinds of atoms • 
Positive charge exists only in the nucleus of the atom 
so ejection of ~ particle disrupts the atom. 
2. Radio-active series. 
3g radio-active substances 
Products of uranium and thorium 
Atomic numbers range from lead (g2) to uranium (92). 
3. Elements. 
a. Atomic weights of elements show that each may be built from 
the preceding element by the addition of helium and 
hydrogen a.torns. 
b. Atomic weight is the mass of the nucleus. 
c. Atomic number is the excess of positive charge in the 
nucleus, that is, the number of valency electrons. 
Chemical properties depend upon these latter. 
d. Isotropes are substances which have the same chemical 
properties (same excess positive charge or same number of 
valency electrons) but different atomic weights . 
• 
• 
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II. 'CHEMISTRY. 
A .. Elements and compounds. 
1. An element is a congeries of atoms which have the same ch emical 
properties • 
2. A chemical compound is a substance consisting of elements 
united: ·in unvarying proportions by weight. 
3. An inorganic Cl>omp.ound 1 is one found in the mineral kingdom, 
e g: t he metals 
4 . An organic substance is a compound the essential and 
. 
fundamental element of which is carbon; e.g. sugar. 
5· Synthesis is th e building up of compounds from elements or 
from simpler compounds. 
6. The fo+mula of an element or compound is an expression which 
r epresents t h e composition of t he molecule of t h e element or 
compound in terms of atoms. 
7· A ch emical equation is an expres s ion in symbols, of a 
chemical r eaction. z_._ + ~ H- L9-. -----7 ~ eJ.....t. + \t~ 
S. A catalyst or catalytic agent is a substance which hastens a 
ch emical action. 
a. ~narcoal is used as a catalyz er in preparing phosgene (C 0 Cl2), 
a gas used in the war. 
Charcoal absorbs the gases and in th e highly condensed con-
dition they interact at ordinary temperature. 
b. Digestion of food is accomplished as a result of t h e p r esence 
of catalyzing a·gents in saliva, gastric juices, and oth er 
fluids of t he body. 
BOSTON UNIVERSITY 
COLLEGE Or LIB·ER AL ARTS 
LI!RARV 
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9. Analyais of compounds. 
a. Q\tali tative: The determination by chemical test or by 
spectrum analysis of t h e kind of elements which compose 
a compound. 
b. ~kanti tative! Th e determination of the atomic strtilcture 
by weight or volume of a compound. This may be found by 
the decomposition or by the ·synthesis of t h e compound. 
10. Subatances which have tr.\ e same empirical formulas but 
different structural formulas are called isomers. 
B. Rapidity of chemical action (sometimes t he physical properties 
also) determined by~ 
1. Temperature. 
2. 
Increase in temperature usually increasea chemical ac t ion. 
Red hot iton unites quickly with oxygen. 
Pressure. 
If subjected to great pressure carbon may form as diamond. 
Light energy. 
Chloroplasts of green plants manufacture, with the aid of 
light carbohydrates out of water and carbon dioxide. ) Light 
of different wave lengths effect certain chemicals in unequal 
degree. Silver bromide is greatly effected by blu e light 
but little changed by red or orange light. 
4t Fading of colors due to action of sunlight. 
4. Concentration of substances. 
Increase t he amount of oxygen in t h e ai·t about a burning obj ecj 
and t h e reaction will be more violent. 
5· Presence of a catalyzing agent. 
• 
• 
53 
The presence of manganese dioxide aida in the decomposition 
of potassium chlorate. 
6. Solution • 
It makes possible a free movement of t be molecules. 
7• Chemical affinity. 
Fluorine will not unite with oxygen at all~ 
Hydrogen and oxygen in:keract with great vio l ence under 
certain conditions • 
• 
• 
C. OXYGEN 
1.. Preparation. 
a. Laboratory 
( 1) Heat red oxide of mercury. 2 Hg 0---7 2 Hg+ 0 • 
(2) Heat potassium chlorate and manganese dioxide. 
Manganeae dioxide is uaed as a catalyzer. 
~ K tt_ o .3 ------7 ~ K CJ- + 3 {)7_ 
b. Commercial: from liquid air by fractional distillation. 
2. P-roperties. 
Oxygen is a colorless, odorless, tasteless gas slightly heavier 
than air. It supports combuation and life. 
3· Uses. 
a. tor - intense heat in acetylene torch and calcium light. 
b. For supplying oxygen for use in submarines and airplanes. 
c. By physicians. 
4. Oxidation is t he process of combining a substance and oxygen. 
a. An oxide is a compound formed by a~~ element and oxygen. 
b. Rusting of metals and decaying of vegetable and animal matter 
are forms of slow oxidation. 
c. Burning is rapid oxidation and is accompanied by the emission 
of light abd heat energy in radiant form. 
d. 
(1) Iron (ribbon or wire) will burn in oxygen ~f the end is 
first coated with sulphur and t hen t h e strip is ignited . 
~ 'k_ + ;) ({)~------? ~~ (03 
Spontaneous combustion. 
Dissolve a little phosphorus in carbon disulphide and pour a 
little of the solution on filter paper which is supported on 
a tripod. As t he carbon disulphide evaporatea the phosphorua 
• 
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oxidizea and t-he whole mass will burat into flame. Slow 
oxidatton of oil takea place when rags soaked in oi+ are left 
lying about • Since cloth ia a poor conductor of heat, the 
heat developed accumulates and sets the cloth on fire . 
Hay or leavea may burst into flame :,i'f not well dried. 
D.. Hydrogen. 
1. Preparation. 
Laboratory: "Zrv... + \+.<.S D't -----7 7...,.___ .S D't T +\~ a. 
b. Commercial: electrolyaia of water, 2 ~ 0 --7> 2 H2 "\+ 02 
2. Prop erti ea . 
a. Hydrogen is a colorless, odorless, tasteless gas much lighter 
than air. 
b. It burns in air but it does not support combustion. 
c. Hydrogen will remove oxygen from many compounds. Pas s dry 
hydrogen over hot copper oxide. 
Black and Conant: "Practical Chemistry", page 37· 
3. Us ea . 
~a. To fill balloons and dirigibles 
b. For hydrogenation of oils. 
Addition of hydrogen atoms may change consistency(harden) 
and may r emove disagreeable odor. 
Slosson "Creative Ch emistry" pp. 202 - 205 • 
4. Compounds. 
a. Hydrogen is a constituent part of all acids. 
b. Water (H2 0) 
Necessary to life 
Solvent. Color due to ionization. 
c. Hydrogen peroxide (H 20 ~) 
• 
• 
5. "Valence is the number -~vhich expresses the combining capacity 
of an atom of an element." (Newell) Th e valence of hydrogen 
, is one. 
Valence_ atomic weight 
~ combining weight 
Atomic weight of magnesium is 24.32, combining wei gh t ia 12 . 
Both are found by exp eriment. 
D. Nitrogen. 
1. Prepar~tion 
Then Vo.lence z4.J2 
12 
a. Laboratory: burn phosphorus in a definite volume of air. 
b. Commercial: fractional distillation of liquid air 
2. '?rop ~rti ,..s 
Nitrogen is a colorlesa, odorleas, tasteless, inert gas. 
It does not support combustion. 
3· Uses 
About 78% of air is Nitr~gen 
Free nitrogen is used to fill electric light bulbs and in 
the manufacture of ~ertilizera. 
Nitrogen compounds are essential to life. 
Certain nitrogen compounds are in all explosives . 
Slosson: " Creative Ch emistry" pp . 12 -59· 
E. Carbon. 
1. Preparation: Soot from candle flame; char 
either sugar or sta rch . 
Commercial charcoal is prepared by loading wood on iron cars 
and h eating it in an air tight retort for twenty-four hour~. 
Th e gaseous products escape into condenser• where t h e wood 
alcohol and acid ar e condensed; t he rest of the volatile 
• 
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products are burned in the fires. 
2:.-• Forms: diamond, graphite, amorphous carbon (charcoal and 
lampblack) . 
3• Uses 
a~ . Diamond; gem and abrasive 
b. Graphite: lead pencils, lubricant, electrodes, crucibles. 
c. Coal: fuel, source of illuminating gas and oil. 
d. Coke: fuel,to reduce ore, water gas • 
(Coke is t h e residue of coal after the gases are removed). 
Reduction : o! :copper oxide, ,_c_._.__(O +e._ -7 ~~ -t- LD~ 
Water gas, \t~(O +e_ --'l c_ 0 --t K-.z.. Steam over h.ot coke or coal. 
e. Lampblack: p rinters ink and paint. 
f. Boneblack: catalyzer, decolorizing sugar and oil. 
The substances which give color to t h e sugar or oil a re 
absorbed by the boneblack. 
Black and Conant: "Practical Chemistry" p.2SO. 
4. Carbon dioxide is a colorless gas which is heavier than air. 
It is formed in respiration, in the decay of all organic 
matter, and in the fermentation of sugar in fruit. 
Breathe through a piece of glass tubing into a glass con-
taining lime water (calcium hyd~oxide). A white solid which 
is calcium carbonate is formed. 
Us ea. Carbon dioxide is used in soda water. In a fire 
extinguisher sulphuric acid mixes with sodium carbonate solution, 
carbon dioxide, is formed and a stream of water containing 
sodium carbonate and carbon dioxide under conaidera.ble presaure 
puta out the fire. 
• 
• 
F. Acida, bases and salts. 
1. Acids contain at leaat one atom of hydrogen which can be 
replaced by the more active metala. They have a sour taQte. 
In solution they turn blue litmus red • 
2. Basea are hydroxidea of metala. Those t hat dissolve in water 
are called alkalies. Solutions of bases turn red litmus blue. 
Bases interact with acids to form salts and water. 
(Litmus - dye obtained from cert~in lich ens obtained mostly 
in Holland. Composition unknotND). 
3· Salts are formed when the hydrogen of •an acid haii been replaced 
by the metal of a. base. 
a. Neutral salts contain a metal and an acid radical: Na2 co3 
b. Acid aalta contain hydrogen, a metal, and an acid radical: 
Na H co3 
c. Basic salt conta.ina a metal, and acid radical, and an 
hydroxyl iroup: Cu2(0H)2C03 
G. Cleansing and dyeing. 
1. Cleanaing. 
a. Soap is a highly modified base and when dissolved in water 
converts the grease into an emulsion which consiata of 
microscopic globulea that remain suspended in t h e water. 
Typical reaction (Newell "Descriptive Ch emistry"). 
c3H5 _(cl7H35 C00) 3 +3Na0 H ~ 3C17 H35 C 0 0 Na + C3 H ~H)3 ~ 
Glyceryl stearate 
Fat Alkali 
iodium stearate 
Soap 
Different soapa contain other fats and alkaliea. 
Glycerine 
Preparation of soap in the laboratory. Diaaolve ~ table~ 
spoonfuls of lye (K 0 H or Na 0 H) in half a pint of water. 
• 
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Heat a pound of Cri~co until it is luke warm and pour slowly 
into the lye solution, ~tirring con~tantly until it thicken~. 
Pour into shallow dishes and set aaide forA week or two • 
Na 0 H make~ hard soap • To make hard soap float it should 
be beaten vigor.ou~lY• Borax (Na2 Blt OT 10 H2 0) may b\ 
added for use with hard water. Borax interacts with the 
gypsum (Ca2S 0~2 H2 0) in the hard water. 
b. Gasolene (c6 Hlt) and benzene (C6 H6 )are o~ganic liquids 
1'-f 
that are powerful solvent~ for grease and are highly ~olatile. 
2. Dyeing. 
Aniline {C 6H 5N H~) is a oolorles~ or browni~h oil, a 
coal tar product, from which many dye~ are prepared. Faat 
color due to surface tension and the amount of dye ptecipitated 
within the fibre~ of the good~. 
Rlo~son: "Creative Chemistry" Chapters IV and v. 
3· Removal of stain~. 
a. Chloride of lime (Ca 0 Cl2) is a valuable bleaching agent. 
b. Javelle water (a dilute solution of bleaching powder) formed 
by mixing solutions of washing ~oda (Na2co3·10 H2 0) 
-nd bleaching powder (CaO Cl2 ) will remove from white goods 
such s.tain~ as those from frt4i t, gras~, vegetables, and 
black ink. Sodium hypochlorite (the Commercial n·zoni t e") 
~ is now more commonly used. 
c. Acid stains may be removed by ammonia. 
d. Oil, grease, paint and tar may be removed by carbona (C C~. 
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H. Commercial method of refining i~ common metals. 
1. Iron 
a. Obtained from ore by smelting. 
tt (Mixed with limestone and coke and heated in a furnace) . 
• 
.3Fe2 0 3-tc 0 - 2 Fe3 0 4-+CO 2 
Fe3 0 4-tC 0 3 Fe 0 ;- co 2 
Fe 0 +-- c 0 - Fe -;-- co 2. 
The above equations show the gradual reduction of the ore aa 
the temperature increases. 
This iron, cast iron, is crystalline in structure. 
It contains some impurities especially carbon and silicon. 
b. Wrought iron obtained by similar processes is a purer form 
of i .ron. It is malleable and ductile. 
c. Steel. 
(1~ Characteristics depend upon substances added to iron, the 
cooling and the tempering. 
{2) Manufacture 
(a) Bessemer process. Molten cast iron is poured into a 
converter and a blast of air is blown through it. Tbe 
oxidation of the manganese, carbon, and silicon rais:Bs 
the temperature above the melting point of wrought iron. 
Spiegel iron, ferro-manganese, is added to give the 
requ:1 red a.mount of carbon and manganese. A better quality 
l 
of steel contains also a certain quantity of alumirum .• - . 
(b) The open~hearth process - a slower process but one 
allowing the quality of the product to be tested from 
time to ;ttme. 
Description. Newell: "Practical Chemistry" p.401 
Black and Conant"Practical Chemistry" P·391 
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2. Copper 
a. Copper from copper carbonate and oxide ores. 
Crushed, v1ash ed, heated wi tb coke 
Cu.2 0 + C -7 2 Cv._ +--Co 
b. Copper from ore containing sulphur 
(l) Crushed, ground, washed , ground very fine 
(2) Mixed wi th water containing a little oil 
Copper particles float, impurities sink 
(3) Ore is heated red hot to remove some of the sulphur 
( 4) Smelted 
(5) Heated in converter to remove the remaining sulphur 
(6) Refined by electrolysis. Anodes made of copper. 
Electrolyte Q copper sulphate and sulphuric acid. 
c. Characteristics 
Reddia~ color, flexible, malleable, excellent conductor of 
electricity. 
3· Aluminium- the most abundant of t he metals 
a. Manufacture 
(1) Purified oxide is obtained :Orom bauxite (H4Al2o5) 
(2) Oxide is dissolved in melted cryolite ( Na 3Al F6) 
An electric current passes t hrough this electrolyte and 
aluminium is deposited at the cath ode. 
b. Properties 
White metal, very light, ductile, malleable, good conductor 
of heat and electricity. 
c. An important commercial ore 
Welding. Powdered aluminium and ferric oxide interact wi th 
great violence if they are mixed together and started with 
a burning magnesium ribbon. 
•• 
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Mixture:~ 
Fe2 0 3 + 2 Al --7 2 Fe + Al20 3. 
A very high temperature i~ produced by the action and melta 
both the iron and the alumirltum oxide which separate into 
two layer~. Rail~, propellers, shaft~, etc, may be welded 
by heating with a torch and firing a ma~s of thermite above 
the joint thus allowing the iron to flow into the joint. 
4. Zina. 
a. ebtained from ore by roasting concentrated ore to form t h e 
oxide. Thi~ is reduced by heating with coke, 
Pure zinc is obtained from a pure ~alt by electrolysis. 
b. Properties. 
Zinc is a bluish white, brittle metal. At higher 
temperature (100 ~ 150 C) zinc is malleable and ductile. 
a. Chief use is in making galvanized iron which is iron covered 
with zinc. It is used as an electrode in many cells. 
• 
I II DESCRIPTIVE ASTRONOMY. 
A. Sun and its relation to the earth. 
1. Distance of t h e sun • 
a. Mean distance approximately 93 million miles. 
b. Earth's orbit: ellipse with sun at one focus. 
c. Method of calculation 
(lj Velocity of light 
( 2 ) Solar para llax 
Jo;es: "General Astronomy" pp . 108- 111 
Moulton: "Introduction to Astronomy." 
2 -; Composition 
a. Photosphere - apparent surface ~ opaque 
(1) Continuous spectrum . 
Solid, liquid, or gas under pressure. 
( 2) Contains brilliant nodules give~ sun's light. 
b. Reversing layer- over photosphere- 500 tp 600 miles deep. 
Gives dark lines of spectrum ( over 6000 in visible) 
Cooler gases - 38 known elements present. 
c. Chromosphere- gaseous envelope . 
( 1) 5000 - 10 ,;000 miles deep 
· (2) Contains hydrogen, h elium, and calcium. 
Scarlet color due to hydrogen • 
d. Corona. - streamers of solid, liquid, and gas particles. 
(1) Green line due to unknown element (eoronium) . 
3· Sun Spots. 
a. Occur in lat i tude 6° - 35° N. to S. 
b. Maximum i nt ensity - eleven year period 
• 
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c. Cooler than ordinary photosphere. 
d. Cause: currents ascending from aun t s interior . 
Inrushing and descending chromosphere~~ 
Mateii&l r esult of primary uprush. 
e. Observation of sun-spots give rate of rotation 
Varies with latitude, 24- 26 days. 
4. Eclipses of t h e sun - total, partial, annular 
a. Wnen sun, moon and earth are in line . 
b. Phenomena during eclipse 
( 1) Prominences 
(a) Eruptive = contain many elements 
(b) Quiescent - contain hydrogen, helium, calcium. 
(2) Corona ~ visible only during total eclipse 
(a) At sun-spot maxima, streamers nearly equal 
(b) At sun-spot minima, streamers are short and curved 
from axis at poles and are long at equator. 
(c) Light - sp ectrum analysis 
Reflected polarized sunlight 
White light from incandescent solid or liquid particles. 
Rays of monochromatic~ light from incandescent gas. 
(d) Contains no element known on earth. 
5. Heat of sun 
a. Temperatur e of radiating layers may be 10,000° F or 5600° C . 
b. Radiant energy: 89,000 cal./cm2/min. ~Jones) 
c. Solar constant: 1.93 cal./cm2/min. 
(The solar constant is t h e quantity of heat measured in calories 
wh ich would fall in one minute on an area of one square 
centimeter placed p erpendicularly to t he radiation at t he 
• 
surface of the earth, if the earth had no atmosphere and 
was at its mean distance from the sun"). 
d. Maintenance of suns heat 
Cause uncertain; may be due to sub-atomic processes. 
6. Size and mass of sun. 
a. Diameter, S65,000 miles, lOS times D of earth 
b. Mass 332000 times that of the earth; density 1.4 
B. Earth. 
1. Size and shape. 
a. Size, determined by triangulation, diameters 3,963 and 3,950 
miles. 
b. Shape: oblate spheroid. 
Proof based on laws of motion and gravitation 
c. Mass: 6 X 1021 tons 
d. Density: 5·5 
Determined by torsion balance. 
2. Com:posi tion: see "Geology" 
3· Rotation 
a. Rotation eastward~ Foucault's pendulum 
b. Results of rotation 
(1) Deviation of a~r and water currents 
(2) Apparent rising and setting of celestial bodies 
Day and night. 
(3) Diurnal motion of stars about pole 
Position of stars gives approximate time. 
c. Rotation nearly uniform throughout ages. 
d. Position of pole varies covering area 60 feet in diameter at 
poles. 
• 
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e. Procession of equinoxes and nutation are due to oblateneas 
of the earth, to rotation, to gravitational forces 9f other 
bodies, especially the moon, and to the resultant gyrost~tic 
action . 
4. Revolution of the earth about the sun 
a. Proved by parallax,aberration of light, by spectroscope . 
b. Mean rate: 1e.5 miles per second. 
Line from sun to earth covers equal areas in equal times. 
c. Orbit. An ellipse with sun at one focus 
Plane of orbit - plane of ~cliptic. 
0 
Inclination of ecliptic to equator 23.5S 
Intersection of planes called equinoxes. 
5. -Seasons. 
a. Orbit divided into 4 equal parts by the two equinoctial and 
two solstitial points. 
b. In northern hemisphere summer longest because of difference 
in rate of revolution. 
c. Difference in temperature due to: 
(1) Inclination of the earths axis to orbit 23t0 
Longer day in summer in northern hemisphere 
Mid~night sun near poles, daylight - 6 months. 
(2) Eccentricity of orbit 
(For northern hemisphere in summer) 
(a) Rays nearly perpendicular to plane of earth 
(b) Earth further from sun 
Modifies climate. 
• 
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C. Moon. 
1. Size and mass. 
a. Diameter 2160 miles . 
b. Mass 1/go of mass of earth 
c. Density 3·4 
2. Orbit about earth 
a. Ellipse, with distance from the earth 225,746 ~ 251,978 mi, 
b. Rat.e of rotation and revolution nearly equal 
(1) Rotation uniform, revolution varies ( law of areas ) 
Result: libration of the moon, 41% always visible. 
41% always invisible from earth. 
(J)~~: :l.<D~"' ~~ ~
3· Phases. 
Cause: amount of illuminated surface visible from earth. 
4. Eclipse, total or partial 
Whenever moon crosses the earth's shadow 
Always occurs at full moon. 
5. Appearance . 
a. No evidence of atmosphere or water 
b. Rough surface - the mountain ranges visible 
He~ghts reach to 20,000 feet 
c. Fxtremes of heat and cold 
Due to length of day and absence of atmosphere. 
d. No seasonal changes 
6. Governs tides ~ Jones: page 99 ). 
D. Planets. 
1. Inferior planets 
a. Mercury - nearest sun 
• 
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(1) Phases simila.r to those of moon 
(2) No evidence of atmosphere 
(3) Extremes of heat and cold with moderate intermediate zone • 
b. Venus 
(1) Phase3 similar to those of moon 
(2) Extensive atmosphere (albedo high) 
(3) Climate conditions may be similar to earth's. 
2. Superior planets. 
a. Mars. 
( 1) Atmosphere vary rare 
(2) Color~ brick red with areas of g~eenish tinge 
(3) White polar caps appear in winter 
(4) Satellites: Phobus and Deimos. 
b. Eros 
(1) Planetoid whose orbit crosses that of Mars 
c. Jupiter- largest planet 
( 1) Equatorial belt rotates more rapidly than polar 
(2) Atmosphere of considerable depth 
(3) Alternate bright and dark belts 
( 4) R.ed spot (Jones: page 248 ) . 
(5) Satellites - 9 
Inner 7 revolve from west to east 
Outer 2 revolve from east to west. 
d. Saturn 
(1) Equatorial belt rotates more rapidly t han polar 
(2) Probably in fluid sta.te 
(3) Satellites - 9 
Ninth only has retrograde revolution 
• 
• 
69 
(4) Rings - in the plane of the equator 
(a) Three wide t hin rings; inner less brilliant 
(b) Inclined to p lane of orbit and of ecliptic 
(c) Probably swarms of meteors 
e. Uranus and Nep tune. 
(1) Conta in unknown elements . (Jones: page 263). 
(2) Probable atmosphere and water vapor 
(3) Satellites 
(a) Uranus has four 
(b) Neptune has one 
E . Th eories of evolution of solar system 
Moulton: "Introduction to Astronomy" pp . 407 ~ 460 . 
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Planet Distance from Di ame t er Ratio of volume Mass Density Si d erial Per i od of 
sun (mil es) (miles) to earth's ~olume G~ -=- 1 water = 1 p eriod rotat ion. 
Mercury 36,000 ,000 2,765 .04 0.033 3·7 .24 ? 
Venus 67 ,200;,000 7,826 ·97 0.82 4.89 .62 ? 
Earth 92,900,000 7,913 1.00 1. 5·53 1.00 23b. 56 m. 
Mars 141,500,000 ~;~~~ . 16 e.11 3·95 l,gg .24b. 37 m • 
Jupiter 483,300 ,000 ~a:~1B 1350. 317-7 1.53 11 . ~6 9b., 55 m. 
Saturn 886,000,000 66,4~0 917 0 790. 94.8 ,72 29.46 lOb . 14 m. 
Uranus 1,781,000,000 34,900 85~ 14.6 1f22 84.02 ? 
Neptune2,791,000 ,000 32,900 71.9 17.0 1.11 164.78 ? 
• 
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E. Comets. 
1. General appearance 
a. Coma (head) with bright nucleus 
b. Tail extending in direction opposite to sun 
ftepelled by light pressure. 
2. Orbits 
a. Conic sections 
b. Families of comets. 
( 1) Orbits similar, comets similar in app earance 
(2) Orbits with aphelion points near planets 
Jupiter, 30; Saturn, 2; Uranus, 3; Neptune, 6 
{Comet "caught" by planet) 
F. Meteors or "shooting stars". 
1. Material made luminous by friction with atmosphere 
2. Meteroric showers 
a. November 15 and 24-, August 
b. Earth's orbit crosses orbit of meteoric matter 
c. August meteors move in orbit of a comet 
3 . Meteorites 
~. Material which strike the earth 
(1) Stone and iron 
(2) No element unknown on the earth 
(3) Structure different from terrestrial substances . 
(a) Peculiar crystals 
(b) Show little oxidation and no action of water 
(c) Contain relatively large amounts of occluded gases . 
(d) Show evidence of fragmentation and recementation 
(e) Evidence of faulting, veins of foreign matter. 
• 
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G. Stars. 
1. Magnitude: relative brightness of stars indicated by a number 
Average of 20 brightest stars taken as unit of 1st ~agni tude • 
Faintest stars (se en without a t elescope) 6th mag. 
2. Clusters: stars t hat have a common motion 
Pleiades 
3· Multiple stars. 
Sev eral stars apparently revolving about a central.point. 
4. Nebulae : dark and bright (Jones: page 361) 
a. Clas s es: irregular, ring and ) spiral 
b . Supposed early stage of star evolution 
5· Th e Milky Way of Galaxy Jones pp. 351 ~ 355 
a. Apparent condensation of stars 
b . Center is nearly a great circle. 
c. Solar system is somewhere in its interior . 
• 
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IV. PHYSICAL GEOLOGY. 
A. ,Agencies which modify surface soil . 
1. Glaciers. 
a. Mountain glaciers. 
(1) Formation. 
(a) Begins in cirque where snow gathers to great depths 
Cirque formed by melting and freezing of snow. 
(b) NOV' es slowly down valley until melting equal 
forward movement or until it reaches the ocean. 
(2) Surface irregularities due to 
(a) Tension- inequalities in velocity. 
(b) Streams and ice tables - uneven melting. 
(3) Movement of glacier. 
(a) Average one or two feet a day. 
(b) Center and top have greater velocity (leas friction). 
(c) Velocity greater in summer and at mid-day. 
(d) Rate depends upon 
Slope and smoothness of bed of glacier. 
Slope of upper surface. 
Thickness. 
Amount of load. 
(4) Erosion by glacier . 
(a) "Plucking"- rock fragments pulled out. 
(b) Abrasion. 
(5) Deposits. 
(a) Lateral moraines. 
• 
• 
(b) Subglacial moraines .. 
(c) Englacial moraines. 
(d) Terminal moraines . 
Cresent or horseshoe shaped. 
Often form hills about former glacial valley. 
Heterogeneous material. 
(e) Submarginal moraines. 
Drift from center to sides. 
(f) Ground moraines - not important 
Debris left in path of glacier. 
(g) Valley trains - stratified deposits by glacial streams. 
(6) Effect on landscape. 
(a) Valleys- flat floor, steep sides. 
Glacial form, U; river form, V. 
"Hanging valley" - tributary valley. 
(b) Fiords- long narrow bays. 
Probably of glacial origin. 
b. Continental glaciers - Greenland, Anartic region. 
(1) Greenland glacier covers three-fourths the continent . . 
Several glaciers flow from central mass to the sea. 
(2) Anartic glacier of greater extent. 
c. Evidences of ancient glaciers . 
(1) Bowlders with compositiondifferent from t hat of 
underlying rock. 
(2) Minerals found far from deposits. 
(3) Soil composed of unstratified drift. 
(!.t) Moraines. 
• 
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(5) Drumlins: smooth elliptical hills. 
(a) Formed of till (bowlder clay) from ground moraine . 
(b) Islands of Boston Harbor are drumlins. 
(6) Terraces. 
(7) Deltas. 
(S) Fakers - narrow winding ridges of sand and gravel. 
(9) li'rosion. 
(a) Original surface soil removed. 
(b) Rocks polished and grooved . 
(c) Hilla smooth on north, rough on south 
(d) Basins and depressions where lakes are today. 
(e) Orig1.nal course of rivers changed. 
2 . . · . Weathering. 
a. Temperature changes (especlally in desert regions) 
(1) Rocks shed layers- rock poor conductor of heat. 
Outer portion expands and contracts more than inner. 
(2) Disintegration of igneous rock. 
Materials have different coefficients of expansion. 
(3) Disintegration due to sudden downpour of rain. 
b. Frost. 
( 1) Freezing water may exert 150 tons per square foot. 
Rocks split wh en water in pores and fissures freeze. 
(2) Creep of soil on slopes - freezing may lift fragments. 
(3) Talus 
-
slope of loose fragments at base of cliff. 
Result of work of frost. 
• 
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c. Rain. 
(1) Rocks eroded by force of irr~act. 
(2) Softens clay . 
(3) Depositsdust from the atmosphere. 
( 4-) Dissolved atmosph eric gases act on rock. 
d. Action of animals and plants. 
( 1) t'le.nts, earthworms, burrowing animals make crevices 
t h rough which water rr.ay enter. 
(2) Growing p lant may split rock. 
e. ~nemical agencies. 
(1) Solution of carbon dioxide. 
Affects limestone, gypsum, feldspar. 
(2) Oxidation- minerals. 
(3) Hydration - iron pyrite (Fe s2 ) 
(4) Carbonation- granite. 
(5) Deca.y of organic matter produces acids t hat aid in 
disintegrating rock. 
(6) Organisms. 
Certain bacteria form nitric acid. 
Lichens, mosses, roots of trees form organic acids 
which dissolve lime and transform silicates into carbonates. 
f. Effects . 
(1) Rough and jagged peaks. 
(2) Debr:i.s may block stream causing lake. 
(3) Sph eroidal weath ering. 
(4) Different i al weathering -not uniform rock 
Columns and uneven surfaces. 
• 
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(5) Widenin g of valleys above stream level. 
(6) Rock mantle and soil. 
(a) Residual soil- derived from rock w~ ich it covers . 
(b) Transported soil. 
3· Wind. 
Alluvial - carried and deposited by stream. 
Glacial. 
That deposited by wind. 
Talus- due to weathering by frost. 
a. Deflation - work of wind removing loose sand. 
b. Rocks dislodged by gale. 
· c. Deserts eroded. 
d. Soft layers of rock removed leaving harder elevations. 
e. Wind and sand. 
(1) Sand increases erosive power of wind. 
(2. Sand dunes. 
(a) Origin. 
Obstacle in sandy region. 
(b) Characteristics. 
Gentle slope on windward, steep slope on leeward side. 
Often stratified. 
Wind of greater velocity carries heavier particles . 
Direction of layers may change. 
Due to shifting ~a:ads ~ 
Material - quartz sand. 
May contain shell sand, salts, fine clay. 
(3) Eolian sandstone ,character: 
• 
• 
(a) Material- well rounded quartz particles. 
(b) Layers - varying in inclination and direction within 
short distances . 
(c) Fossil content. 
f. Dust carried by wind. 
In China extensive areas built up by deposit of dust (loess) 
~olcanic dust deposits in many parts of world. 
4. Water. 
a . Water t able - level beneath which rock is saturated 
with water. 
(1) Depth depends upon 
(a} Slope of iand. 
(b) Porosity of rock. 
(c) Frequency and character of precipitation . 
(d) Distribution of vegetation. 
b. Underground water. 
~ 1) Movement. 
(a) Drain through cracks- seldom in channels. 
(b) Never below eleven or twelve miles. 
Pressure makes cracks impossible. 
This upper zone - zone of fracture. 
(2) Artesian well 
(a) Scientific meaning: well in which water rises above 
surface as a fountain. 
(b) Popular meaning: any deep well. 
(c) Conditiomfavorable. 
Porous rock with elevation where it may absorb water 
• 
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from rain or stream. 
Relatively impervious rock above GD~below . 
Inclination of strata so water may flow downward. 
Lack of easy escape at lower points. 
Sufficient water supply 
(3) Work of underground str eams. 
(a) Carries away soluble materials. 
Aides in disintegrating rock. 
(b) Rep lacement or deposition. 
Change of temperature or mingling of water containing 
other compounds may cause exchanfe~stance. 
Minerals often deposited in veins. 
( 4) Springs . 
(a) Origin. 
Outcropping of porous layer. 
Water may rise t hrough a crack. 
Stream may erode its bed and so encounter underground 
stream. 
(b) Mineral matter due to 
Evaporation. 
Change of temperature or pressure . 
Action of algae. 
(c) Thermal springs. 
Water may come from great depth. 
Water heated by chemical action. 
Water heated by uncooled lava. 
• 
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(5) Geysers - (in regions of recent volcanic action) 
(a) Geyser is a spring which intermittently erupts columns 
of hot water and steam . 
(b) Origin~ rain water which has percolated t hrough porous 
layers of lava. 
(c) Intermittent action due to super heating of water below 
surface. 
(6) Effects of ground and underground water 
(a) ftSinks" or swallow holes 
Solution of underlying layers, upper layers fall 
(b) Caverns ~ pften in limestone regions 
(c) Deposita in caves: stalactites, atalagl'l'ites 
(d) Landslides 
Water of heavy rain fall acta aa lubricant 
(e) Concretions 
C • st.. r ea.ms . 
Often deposits of limestone or silica 
Geodes. 
(1) Sediment moved 
(a) Pushing large angular rocks 
(~) Rolling smaller rounded pebbles 
(c) Carrying finer particles in suspension 
(Transporting power varies as sixth power of its velocity) 
(d) Carrying substances in solution 
(2) Velocity ~etermined by 
(a) Slope of valley 
(b) Volume of water 
(c) Amount of load 
• 
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(d) Shape of channel. 
(3) Vertical erosion.- ability to cut down valley. 
(a) Due to 
Impact .... 'fcrrrce of water ...; of. hydraulic mining. 
Rock of ri~er bed may scale along planes. 
Erosive power of load. 
(b) Rate determined by 
Cement of rock~ soluble or not 
Joints in rocks, sedimentary rocks. 
Velocity of stream. 
Amount of cutting material in the load. 
(4) Features due to stream erosion 
(a) Certain falls and rapids. 
Hard layers over soft. 
{b) Natural bridges. 
(c) Potholes or "kettles". 
Strong eddy gives rotary motion to rocks. 
(d) Canyons (often in arid regions). 
Erosion~_ by s.tream more rapid than by weathering. 
(e) Valley filled when debris is more t han stream oan 
ca rry - often effect of deforestation. 
(5) Deposits 
(a) Causes. 
Stream entering gentler gradient will deposit coarser 
materials. 
Wider and winding channel. 
Swif t tributary enters slower main stream 
• 
• 
82 
Decrease in volume . 
Stream meets an obstruction. 
Stream reach es lake or ocean . 
(b) Effects. 
Flood plain. 
Meander. 
Horseshoe lake. 
Levee (embankment of debris) .• 
Alluvial cones and fans and terraces. 
Deltas. 
Peneplain - 'an¥ extensive tract of land reduced to 
essential planeness by t he erosion of running \'9'ater. 
(c) Chemical deposits. 
Diatoms - organism which form extensive deposits. 
Peat from vegetation. 
Marl~ largely calcium carbonate. 
Gypsum and salt in playas (temporary desert lakes). 
Salt. 
Borax and alkalies. 
B. Sea and Shore 
1. Erosion by- sea . 
a. Forms sea cliff and bench of rock . 
Force of waves and t h eir loads is tremendous_. 
b. Sea caves and arches. 
Water and air in crevices exert pressure and split rock. 
c. Coves and headlands. 
Softer rock worn a:Na.y leaving harder . 
• 
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d. Rate of recession of shore depends upon 
(1) Composition of rock. 
(2) Frequency and violence of storms . 
2. Drift. 
a. Boulder and pebble beaches where rock is hard. 
b. Sand beach es where materials are softer or heterogeneous. 
c . Bay-head beac:g. 
Formed of drift brought into quiet ,, ater by storms. 
d. Bay bar 
Drift set across bay. 
e. Sand reefs 
Formecr in shallow water near shore 
Debris brought by storms 
3· Offshore deposits 
a . ~tratification. 
Change in character of sediment 
Time elapses between deposits. 
b. Littoral deposits. 
Collect on shore which is exposed between high and low tide. 
Disttnguished by rill and ripp le marks 
c. Shoal-water deposits. 
(1) Sediments finer t han littoral deposits. 
(2) Limestone~ deposits frequent . 
Calcium carbonate precipitated from water 
(3) Lens--shaped 
Thickest and coarsest near source of supp ly. 
(4) Subsiding area necessary to great accumulation. 
• 
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4. Deep-sea deposit 
a. Blue mud- containsorganic matter which prevents oxidation 
of iron . 
S~rround all coasts. 
r ..._ b. Globige~~a ooze 
Principal1y calcium carbonate shells of minute organisms. 
Chalk of England and U. s. 
Under water one or two miles deep. 
c. Red clay~ color due to iron oxide Fe2o3 
At great depths, no erosion 
Insoluble residue of shells, volcanic and meteroic dust. 
d. Coral reefs and island 
Built by. organisms (polyps) which secrete Ca CO from the 
water. 
Other lime secreting organisms and coral fragments cement 
the reefs. 
C. Movements of the eaTth'a crust 
1. Folds 
a. Caused by great lateral pressure slowly applied. 
b. Dip is t h e inclination of the bed of rook to the horizon 
c. Strike is t h e line of intersection of the l~!er with the 
horizontal plane • The line of the dip is perpendicular 
to that of the strike. 
d. Anticline: upfold ~ strata dip away from the crest 
e. Syncline: downfold ~ strata dip from either aide toward t h e 
axis of the trough. 
2. Faults 
a. Normal fault: hanging wall has gone down 
• 
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b . Thrust fau l t! hanging wall has gone up 
c. Cause: tortional strains, unequal settling and lateral 
pressure . 
d. Rate: usually slow, occasionally sudden slips 
2. Earthquakes 
a. An earthquake is a jar caused by a sudden movement of t h e 
rocks of t h e crust of t h e earth. 
b. Causes 
( 1) Volcanic eruptions 
(2) Collapse of roof of. cave 
(l3) Faults - usual cause 
c . Place of origin: zone of fracture. 
d. Earthquake. waves- recorded by s eismographs 
(1) Waves pass along the surface 
(2) Another set of waves pass t hrough t he earth 375 miles per 
minute. 
(3) Both longitudinal and transverse. 
e. Duration and frequency 
(1) Duration-: seldom over two minutes 
(2) Frequency va ries with pcrtion of t h e ·world 
f. Effects 
(1) Fissures 
(2) Changes of level 
( 3) Landslides 
(4) Change in bed and volume of underground and surface streams . 
( 5) Tidal waves. 
3· Volcanoes 
• 
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a. Quiet type or Hawaiian type. 
(1) Molten rock (lava) breaks through t h e side or flo ws over 
the top of t h e volcano. 
(2) Often builds up land, Hawaiian island of volcanic origin . 
b. Fxplosive type (Vesuvian). 
(1) Violent explosions 
(2) Dust, cinders, and quantities of lava are thrown out. 
c. Volcanic products 
(1) Gases: chlorine, sulphurous and carbonic 
(2) Dust, cinders, bombsJblock 
(3) Lava.;;. acid and basic lava- molten rock 
(~) Streams flow even after crust hardens 
(b) Temperature often 2000° F. · 
D. Rocks 
1. Stratified or sedimentary 
a . Limestones: calcium or calci:um and magnesium carbonates 
( 1) Chalk 
( 2) O~li tic limestone formed of minute spherical concretions 
(used for buildings). 
(3) Dolomite (Ca C 03·Mg C 03) 
b. Sandstones 
c. Stales 
' 2.Igneous rocks ,;;;., formed by molten massea under pressure . 
a. Granite- quartz, feldspar, mica - acidic rock 
Color red, pink, or gtay due to feldspar 
. b. Syenite ~ feldspar and mica 
Less siliceous (acidic) t han granite . 
• 
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c . Diorite- h ornblende (iron-magnesian silicate) and feldspar. 
d. Gabbro - basic rock - dark, coarse. 
Feldspar and a~gite 
e. Basalts (trap) - fine grained igneous rock 
3· Metamorphic- changed by heat and pressure 
a. Causes 
(1) Igneous intrusions 
(2) Great lateral pressure 
b. Cleavage 
(1) Plane of cleavage due to rotation of particles to 
parallel positions, recrystallization, granulation 
(2) Plane of cleavage always at right angle to p ressure. 
c. Qua~tzite- metamorphic sandstone (silica) 
d. Marble · ..... metamorphic limestone 
e. Slate- hardened shales or mud. 
f. Schist- consist of thin parallel leaves 
g. Gneias - banded crystalline rock 
Composition like granite. 
4. Mineral veins - in zone of fracture 
a. ~ource of metals of veins ( fissures) 
(1) Metals distributed among sedimentary strata 
(2) Concentration of metals due to 
(a) Fracturing of rocks of the crust 
-(b) Intrusion of igneous rocks 
(c) Circulation of underground water 
(d) Solution or weathering of impurities 
• 
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b. Usual vein stonea : quartz and calcite 
c. Gold found in fissures and in placer deposits 
d. Copper occurs as sulphides, oxides, or carbonates . 
E. Geological records 
1. Fossils 
a. A fossil is any trace or remains of an animal or plant 
preserved in the rocks of the earth. 
b. Methods of preservation. 
(1) Original is preserved- (fly in amber- a fossil gum). 
(2) Mineral may replace shells, corals, and bones. 
(3) Casts and molds 
(4) Footprints and trails, impressions of plants 
2. Theories of t h e beginning of the earth. 
a. Nebular hypothesis 
. Condensation of a vaporous sphere 
b. Planetesimal or accretion hypothesis 
Aggregation of meteorites compressed by their own gravitational 
forces • 
• 
• 
V. METEOROLOGY· 
A. Atmosphere. 
1. Temperature. 
a. Sources of b eat energy . 
(1) Conduction from interior. 
(2) Result of chemical action. 
(3) Tidal action. 
(4) Absorption of stellar and lunar radiation. 
(5) Sun- ch ief source. 
(a) Intensity depends upon 
Solar output wh ich varies slightly. 
Distance from the sun. 
Northern winters shorter and less severe because t hey 
occux at perihelion. 
Solar elevation (inclination: of rays to the plane of 
the earth). 
Transmission and absorption of the atmosphe re 
37% of energy lost by reflection by dust and 
water vapor and by absorption by ozone and co2 • 
(b) Vertical temperature gradient 
Air cooler with elevation to 11 kilometers. 
Decrease in temperature 1°C every 103 meters . 
Isothermal region above 11 kilometers (stratosph ere) . 
Heat energy gained= b.eat energy lost. 
2. eomposition of the atmosphere. 
Troposphere (convection region) volume per cent at surface: 
Nitrogen 78.03, Oxygen 20.99, Argon .94, Carbon dioxide .03, 
• 
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Hydrogen .01, Neon .0012, Helium .ooo4, also krypton , xenon, 
radio-active emanations and a varying quantity of water vapor. 
Strat9sphere 11 km - 202 km. 
Gas distributed according to molecular weight • 
Large amount of ozone. 
3· Humidity. 
a. Humidity is t he mass of water vapor per unit volume 
or t he pressure exerted by t he water vapor per unit area• 
b. Saturation is the maximum quantity of water vapor per unit 
volume or the maximum pressure of water vapor per unit area 
at a given temperature. 
c. Relative humidity is t he ratio of the actual to the 
saturation quantity of water vapor, at the same temperature, 
per unit volume; or the ratio of the actual to t he saturation 
pressure of t he water vapor, at t he same temperature per 
unit area . 
d. The dew point is the temperature at which without a change 
of bar~etMic pressure saturation is just reached. 
B. Atmospheric currents. 
1. Vertical convection. 
a. Mechanically forced. 
Rise of air on windward side of mountain. 
b. Thermal convection: ~ gravitational phenomena . 
Weigct of air depends upon 
Temperature changes weight according to Gay Lussao's la.w 
Composition, increase in water vapor lessens number of 
molecules of ether gases -Avagadiota principle. 
Horizontal velocity 
• 
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Due to rotation of the earth and the direction of t h e wind. 
c. Local conv eotion induced by 
Heating below 
Dynamic cooling limits height of ascent. 
Coo ling above 
Dynamic heating limits downward conve~tion. 
(Dynamic heating and cooling - descending portions of 
air grow warmer through compression and ascending 
portions colder t hrough expansion). 
2. Wirids. 
a. Due to local heating 
Whirlwind 
Valley breeze. 
Sea l5reeze. 
b. Due to local cooling 
Land breeze. 
Mountain breeze. 
Glacier and cave winds. 
Bora. 
Mistral.Rhone valley. 
Fall winds (Norwegian most noticeable.) 
c. Due to wid&-spread heating and cooling 
(1) Deflection due to earth's rotation, 
Pour water over rotating ball to trace path . 
Deflection proportional to mass~ horizontal velocity, 
angular velocity~ of earth t s rotation, sine of the 
latitude of its location 
• 
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(2) No continuous and rapid flow from equatorial to polar 
regions. 
(3) Atmosphere is stratified. 
{ 1t) Great winds . 
Follow sun: east in A.M, south in early afternoon, 
west in late P.M. (in Northern hemisphere). 
(5) Monsoons~ seasonal winds. 
(6) Tradewinds, nearly constant winds blowing E to W. 
Region of cal~ along border and at thermal equator. 
Border, clear calms; at equator, cloudy. 
(7) Antitrade, upper continuation of trade, west. 
d. Tropical cyclones 10°-20° latitude over ocean. 
(1) Origin: condensation raises temperature of air above 
that of surrounding , rotation of the earth causes 
deflection of wind and whirl is established. 
(2) Center cal~, surface wind spiral in center, clockwise 
direction (Northern) rise to 700- 800 meters. 
e. Extra tropical cyclones 
(1) Cyclone is a system of winds that surrounds any 
considerable region of minimum pressure. 
(2) Anti-cyclone is a system of winds that surrounds a 
region of maximum pressure. 
(a) Mechanical 
Permanent: latitude 30° -35° N and s. 
Migratory: west of cyclone, parallel path. 
('b) Radiational 
Permanent in Antarctica and Greenland 
Transitory: temporary highs in elevated regions. 
• 
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(3) Causes 
(a) Thermal (semi-permanent, over warm ocean currents). 
Due to surfaces warmer than those of adjacent places 
(b) Insolation (land origin). 
Peninsular or land surrounded by cooler water. 
(c) Mechanical 
Mechanically expanded air. 
f. Forced winds 
(1, Eddies 
(2) Chinook~ warm dry air down a mountain. 
May carry sound from one aide of mountain to lower portion 
of other side. 
(3) Tornado: phenomena of middle atmosphere 
Peculiar to U.S. east of the Rocky Mountains, 
Rockies give south, Gulf of Mexico, north winds 
Result a whirl. 
Wind counterclockwise 500 miles per hour 
Accompanies thunder storm, covers small area. 
g. Winds adverse to aviation 
(1) Air fountain - rising column of warm air. 
Danger if one wing grazes column and in entering and 
leaving. Experienced aviator uses column as do birds 
to aid in ascent . 
(2) Air sink .... down branch of convection 
Seldom swift, so not very dangerous,. 
(3) Air cataract - cold wind weighted with snow. 
Always on lee side of a mountain and so may be avoided. 
• 
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{4) Cloud current :-- cumulus type has turbulent currents. 
(5) Wind layers ~ often different wind velocities 
(6) 
(7) 
(~) 
Danger if layer entered has same wind velocity as ai rp lane . 
Gusts -. may cause tip or skid. 
Eddies - on lee side of mountain. 
Air torrent 
-
air drainage through narrow valley 
If aviator is flying with t h e wind his plane loses air 
support. 
3· Fogs and clouds 
Water on outside of ice pitcher , surface condensation~ 
dew. 
Cloud of steam from tea kettle, volume condensation - fog 
and cloud. 
a. Fog 
(1) Radiation fog: occursalong rivers due to cooling . 
(2) Advection fog: often occursin winter. 
Caus ed by warm humid air drifting over cold or cold 
air flowing over warm humid region. 
b. Clouds 
( 1) Causes. 
Vertical convection 
Mixing of winds of different temperatures . 
Pressure change. 
Radiation .• 
(2) Main types. 
Cirrus: curl cloud. 
Stratus: layer cloud. 
• 
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Cumulus: wool pack. 
Nimbus: rain cloud. 
4. Thunderstorm. 
a. Cause 
Rapid up rusp of moist air necessary to form cumulus. 
Uprush results in spraying - continued coalescense and 
disruption of ra.in drops increased electrical charge. 
Q.b+ Larger drops fall ana heavy rain, small drops -
b. Conditions favorable 
(1) Strong surface heating 
(2) Overrunning of one layer of air by a cooler layer 
(Cause of all ocean and many cyclonic storms). 
(3) Underrunning and uplift of saturated layer of air. 
c. Wind and hail 
d. 
( 1) Wind due to cooling by evaporation of falling rain. 
Peculiar to thunder storm. 
(2) Hail due to h eight to which raindrops are carried by 
strength of updraft. 
Lightening 
(1) Charge distributed irregularly throughout cloud. 
(2) For discharge ionization of air is necessary. 
(3) Discharge not oscillating but pulsing. 
(4) Light due to atomic disturbance, not high temperature 
(5) 
Spectra white and rose. 
Thunder caused by compression waves due to ioni3&a tion. 
Rumbling due to varying distances succession of discharges, 
and reflection, 
(6) Protection 
• 
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Well grounded. continuous conductors. -with all high points 
surmounted by a rod. Common sources of 4anger are wire 
clothes lines and wire fences. Wire fences should be 
grounded every twenty rods or less. 
c. Atmospheric electricity. 
1. Four curreuts. 
a. Lightening discharge. 
b. Current due to falling of charged rain or show. 
c. Convection current , mechanical transfer of ions by wind. 
d. Conduction current, downward flow of one set and upward flow 
of ano t her set of ions due to vertical potential gradient. 
Total for earth about 1500 A. Ionization caused in part 
by emanations from radio-active substances. 
2. Aurora 
a. Streams of ~ parti.cles shot off by sun and entrapped by 
magnetic field of the earth. 
b. Most frequent between 60° """ 70° latitude and during years 
of sun spot ~axima. 
c. Color! white, red, yellow, greeD. 
d. Height: 85 ~ 300 Km., maxima at 100 and 106 Km~ 
3· St. Elmots fire~ brush discharge from elevated object. 
D. Atmospheric optics 
1. Perspective phenomena 
a. Stair~step ascent of clouds. 
b. Arching of cloud bands. 
c. Sun drawing water . 
d. Divergence of auroral streamers. 
•• 
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e. Shape of sky- flat vault. 
f. Change with elevation of apparent size of celestial bodies. 
g. 0 1ange with elevation 9f apparent distance between stars. 
2. Refraction phenomena 
a. Due to layers of atmosphere of different densities. 
(1) Zenith distance of star greater t 1an it seems. 
(2) Twinkling and scintillating of stars. 
(3) Shimmering of objects seen over heated area. 
(~) Optical haze. 
(5) Celestial bodies apparently rise earli er and set later 
than they really do. 
(6) Looming of objects below the horizon. 
(7) Towering of objects. 
(g) Objects may sink below sight while abov e horizon. 
(9) Mirage. 
b. Due to water drops 
Rainbow (during local shower). 
Lar ge drops produce brighter colors; 
Larger fraction of short wave length light is effective. 
Three rainbows may be visible at once. 
c. Due to ice crystals. 
Ice and snow crystals often in cirrus clouds. 
Sun dogs ( parbelia of 22°), red nearer sun . 
Hexagonal snow crystals with sides vertical 
Halo of ice crystals have sides in all directions. 
3· Diffraction phenomena 
a. Coronae and iridescent clouds 
• 
• 
Formed by small droplets of uniform size. 
b. Bishop's ring (1SS3). 
Caused by dust particles after volcanic eruption . 
4. Phenomena due to scattering of light 
a. Color of t he sky 
b. Sunset colors 
E. Factors in climate control - present chief factors 
1. Latitude. 
2. Stellar radiation. 
3 · Solar "constant". 
4. Solar distance. 
5· Obliquity of ecliptic. 
6. Perihelion phase. 
7. Extent and .composition of t h e atmosphere. 
S. Vulcanism- may have caused great changes) glacier, etc. 
9. Sun spots. 
10. Land elevati on. 
11. Land and water disttibution. 
12. Atmospheric circulation. 
13. Ocean circulation. 
14. Surface covering . 
• 
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VI BIOLOGY. 
A. Plan~. 
1. Root -usee: 
a. To hold plant firmly in the ground. 
b. Tm absorb wat er of the soil. 
c. To carry water to the stem. 
(1) Capillary action. 
(2) Osmosis. 
(3) EvapOration of water from leaves of plant causes 
difference in pressure which sends . water up fr·om 
the roots into the stems. 
(4) Sometimes to store up food for the plant. 
d. Legumes have nodules which contain bacteria that have 
t he power of taking nitro~en from the air and changing 
1 t eo that it c_an be use d by the plant. 
2. Stem - usee: 
a. To hold leaves up to reach the sunlieht. 
b. To aa:rry water,. vr ith its mineral content, to the leaves. 
c. To carry sap back to the roots. 
d . Sometimes to store up food. 
3. Eeaves. 
a. Structure; 
(1) cells. 
(a) Cell wall, nucleus, protoplasm. 
(b) Green plants contain chlorophyll bodies. 
(2) Epidermis - thin skin or covering. 
( 3) M:leophyll 
Green inner portion. 
• 
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b. Uses. 
(1) To breathe, leaves cont a in pores. 
(a) Oxygen used for oxidation . 
(Q) Carbon dioxide goes to cells containine green 
coloring matter (chloroplasts or chlorophyl bodies) 
(2) To evaporate excess water after use of mineral content. 
(3) Sometimes to store up food. 
(4) To make organic nutrients. 
(a) Carbohydrates (C,H,OJ) f~rmed in ce l ls containing 
chloroplasts - sunli ght also essential. 
(b) Fats and oils (C,H,O,) 
(c) Pr oteins (C,H,OJN, and minute quantities of 
other substances. 
(d) Proteins necessary to form protoplasm. 
(5) Plants give off oxygen in sunlight. 
4 . Flower. 
a. Pet als and sepals. 
(1) Petals - usually colored portion - corolla. 
(~) Sepals - protect the flower - ~ually gTeen - calyx. 
b. Pistil. 
- ovary, style, stigma. 
c. Stamens . 
(1) Filiarnent, anthe r 
(~) Anther cont ains pollen grain. 
d. Fertilization. 
(1) Insects may carry pollen from one flower toanother. 
(2) Wind may carry pollen. 
• 
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5. Seed. 
' Usually tough-skinnedor covered with protective layer 
b. Embryo 
(1) Cotyle dons- seed leaves. 
(2) Hypocotyl -root. 
(3) Epicotyl - bud~ 
(4)Food in or around the cotyledons. 
B. Microorganisms. 
1. Molds - fungi. 
a. Composed of small branched threads (hyphae) 
Whole network called mycelium. 
b. Produce spores which form new plants. 
a. Digestion by molds. 
(1) Secrete digestive enzymes. 
Change starch to sugar and protein to soluble form. 
(2) Absorb food by osmosis. 
(3) Food used to supply energy and to form protoplasm. 
d. Conditione which favor growth. 
(l) Moieture and moderate heat. 
(2) Oxygen but not free current of air. 
(3) Darkness. 
e. Useful ~olds- several types give fl~~or to cheese • 
2. Yeast. 
a. Simplest form- single c~ll. 
(1) Protoplasm with nucleus. 
(2) Yeast cells reproduce by a pr ocess of budding. 
(3) Secrete en~yme. 
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b. Conditione - favorable to growth. 
(1) Moisture and moder ate warmth •. 
(2) Sugar - not too great concentration • 
c. Use - fermentation. 
(1) c6 H12 ob ~ 2 c2 H6 o + 2 co2 
(2) Bread making- process eimular to equation a~ve. 
3. Bacteria. 
a • Types and growth . 
(1) Smallest of living things. 
(2 ) Spherical, coccus; rod- shaped, bacillus ;, epircil,spirillum. 
(3) Reproduce by processes of division. 
Under favorable conditione form spore s . 
Spores usually protected by wall. 
Spores withstand heat and dryness. 
b. Conditione favorable to growth. 
(1) Warmth and moisture. 
(3) Darkness and little osygen. 
c. Action upon foods. 
(1) Cauae decay of proteins. 
Foi'm gases whiph give characteristic o.do:t to decaying food. 
Poisonous waste - ptomaines. 
(~) Bacter ia can form proteins from nitrogenous substances . 
~ Bacteria in tubercles on roots of legumes. 
d. Bacteria and disease. 
(1) In plants,. blights, rote and wilts. 
(2) In man. 
( c. ) Bacteria give off toxins (poisons) 
(b) May break tis sues . 
• 
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(c) Tuberculosis caused by bacilli 
In lunge c~oee air passages 
Attacks tissue of body. 
Bacillus killed by sunlight and fresh air. 
(d) PneumoU,ia caused by pnetunococue. 
(e) Often enter through infected food. 
(f) Flies and mosquito act as carriers. 
4. Amoeba. 
a. Type of simplest form of animal life. 
b. Irregular mass of protoplasm with nucleus. 
c. Motion. If food is near
1
projectione of protoplasm 
flow outward toward it and the organism moves forward. 
d . Engulfs food material. 
Usee material for energy and forming protoplasm. 
Nitrogenous waste material. 
Circulation of food by constant motion of prptoplasm in cell. 
e. "Breathing" 
Absorbs oxygen from water by osmosis. 
Gives up caTbori. dioxide. 
f. Reproduces by division (fission) 
g . :May surround itself by membrane as a protection in uhfayorable 
conditions. 
h. Certain proto~oa related tothe amoeba cause disease • 
Malaria is caused by a protozoa which attacks the red corpuscla 
C. Physiology. 
l. ?tructure of the human body. 
(a) Typical cell. 
(1) Protoplasm - semi-fi»iax liquid- is living eubstamce. 
• 
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(2) Nucleus - small structure imbedded in protoplasm. 
In higher cells nucleus is sur r ounded by membrane. 
(3) Chromatin - has to do with cell division • 
(4) Cytoplasm - protoplasm outside nucleus. 
(5) Cell membrane. 
· (b) Skeleton . 
(1) Bones, cartilages, ligaments. 
!?ones- pinkish white ,-approximately 200 
Cartilage - bluish white, softer than bones. 
have no blood vessels, translucent. 
Ligaments - fibrous bands. 
(2) Structure of bone . 
Ca. vi ty cont ains fat and blood-vessels. 
Outer compact substance. 
Bones covered by membrane (periosteum) 
(c) Muscles. 
(1) Striped muscle. 
More or lese ·subject to the will. 
Connect bones to each other by terminal tendons. 
Contain blood vessels and nerve fibres. 
Each muscle enclosed in a loose sheath. 
(2) Smooth muscle (cardiac, etc.) 
Membranes surrounding cavities. 
Involuntary muscle. 
Cilia - modified cella. 
(3) Use of striped muscles. 
(1) Move bones. 
• 
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Class I lever! nodding head 
Class II Lever: rising on toes 
Class III lever: raising fore-arm 
Muscles always in opposing pairs 
Makes possible erect posture, locomotion , grasping, 
swallowing, vision, voice production. 
2. Respiration. 
a. 6rga.ns 
Air passages of nose 
Trschea 
Brqnchi 
Lung 
Bronchial tubes and air cells (alveoli) 
All passages lined with ciliated cells. 
b. F~nction of organs. 
Through the thin walls of the air sacs the blood gives up 
part of its carbon dioxide and takes up oxygen. The action 
is aided by the presence on an enzyme. After leaving t h e 
lung the blood is bri gh ter red due to the oxygen taken up 
by the haemoglobin of the red corpuscles. 
Blood rich in oxygen renews the supp ly of o·xygen in 
the tissues and removes the carbon dioxide . 
c. Mechanics of resp irat ion. 
Lungs are covered by a t hin elastic bag (pleura) 
Inspiration: Contraction of muscles between the ribs and of 
t he diaphragm (muscular wall . below the heart) results in 
• 
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the pulling upward and outward of the ribs and in the pulling 
downward of the diaphragm. The cavity is thus enlarged and 
the air enters because of the lessened pressure. 
Expiration: The muscles relax and the cavity resumes its 
former size forcing out the air . Not all the air is 
removed. 
3· Circulation. 
a. Structure of blood. 
(1) Plasma: fluid portion of ser~~ ~nd fibrin 
Contains water, protein, sugar, f a t and minera l 
~ortion which coagulates. 
(~)Red corpuscles. 
Made in the red marrow o~ bones. 
Color due to haemoglobin (p rotein containing iron) 
Func t i on: exchange of oxygen and carbon dioxide. 
LD .,. Cor l~"ess corpuscle. 1\ 1\ . 
Larger than red but leas numerous. 
Power to move. 
Function: absorb food ma t er ial, attack bacteria. 
L(;)1 -;r 
b. Lymph: fluid plasm and CGJth'!ss corpuscles. 
Acts as medium of exchange between blood and tissue cells. 
c. Heart . 
(1) Structure. 
(a) Left and right side distinct. 
(b) Auricle- large upper cavity, th in wal;s. 
(c l Ventricle- smaller lower cavity, h eavy muscular wal~. 
(d) Valves. 
• 
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(2) Function. 
(a) Auricles received blood from veins. 
(b) Ventricles pump blood into the arteries. 
(3) Action: that of force pump. 
d. Arteries. 
(~) Carry blood from the heart. 
(2) Have thick, elastic, muscular walls. 
(3) Blood gushes t~ rough arteries. 
e. Capillary tubes: take blood to every part of body. 
f. Veins. 
(1) Return blood to the heart. 
(2) Have thin walls, contain valves which open toward heart. 
(3) Blood flows steadily. 
4. Nervous system. 
a. Neurons. 
(1) Structure. 
(a) Cell body containing nucleus. 
(b) Deudrites: short branching processes from cell. 
(c) Axon: long process. 
(2) Types: motor, sensory, association. 
(3) Function: to transmit impulses tocenters. 
b. Cerebrospinal fluid . 
Occupies all spaces within and around central nervous system. 
Differs some·.vha.t cr.emica.lly from lymph. 
c. Spinal cord. 
(1) Thirty-one pairs of nerves arise from spinal cord. 
(2) Supply entire body except the head. 
• 
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(3) Each nerve has anterior and posterior root. 
Former, motor fibres; latter, sensory fibres. 
(~) Sympathetic nervous system . 
Lie along sides of column. 
d. Brain. 
(1) ~welve pairs of nerves. 
(2) Three divisions. 
(a) Cerebrum- two hemispheres. 
Convolutions give large surface. 
Function: thought, will, sensations. 
Outer layer; speech, hearing, sight, touch and 
voluntary movement of muscles. 
(b) Cerebellum. 
Seat of certain reflex and automatic actions. 
(c) Medulla. 
Seat of many vital activities. 
5· The senses. 
a. Touch and pressure. 
(1) Tactile corpuscles. 
(a) Located in the folds of the dermis or inthe akin. 
(b) Inclosed in a sheath of connective tissue. 
b. Temperature sense . 
Two kinds of nerve ending 
S~mulated by cold, stimulated by warmth. 
Certain zero point at which neither ac~. 
c. Pain. 
Most numerous endings. 
• 
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d. Taste: organ- tongue. 
( 1) Taste buds: Collect ion of spindle-shaped neurons. 
Each cell tipped with a hairlike projection . 
(2) Four substances distinguish 
(a) Sweet, cells near tip of tongue. 
(b) Sour, cells along the aides of the tongue. 
(c) Bitter, cells near the back of the tongue . 
(d) Salts, cells distributed about equally over surface. 
e. Smell. 
(1) Sense of smell located in upper part of nose. 
(2) Rod-shaped cells connected to olfactory nerve. 
(3) Often confused with sense of taste. 
Many substances "tasteless" if nasal passages are closed. 
f. Hearing e~r. 
(1) Ear drum (tympanic membrane) receives sound waves. 
(2) Middle ear. 
Hammer, anvil, and stirrup carry vibrationaacross middle ear. 
Eustachian tube connects middle ear with mouth to 
equalize pressure on ear drum. 
(3) Inner e~r filled with fluid. 
Cochlea - organ of hearing. 
Lined with sensory cella provided with cilia . 
Resonance ph enomena. 
Perceives 30 - 30,000 vibrations per second. 
Semi circular canals, organ of balance. 
g • S i gh t - eye . 
( 1) Shape of eye nearly sph erical. 
• 
• 
110 
(2) Three coats . 
~ a) Sclerotic coat (white of eye) with transparent cornea. 
(b ) Choroid- opaque coat containing blood-veaaels, cells 
with coloring matter, and muscles. 
Iris- colored portion (blue , black, eta.) 
Pupil- opening in choroid coat. 
Size of pupil adjusted by iris. 
( c )Retina. 
Dark purple in color due to a layer of cells next to 
t h e choroid coat. 
Nerve ends from the optic nerve form inner surface. 
Theae fibres receive the sensations of ligh t . 
Certain nerve cells give sensation of color. 
Retina more sens~tive to l i gh t from below t han from 
above. Mountain climbers sometimes paste projecting 
pieces under the eyes to sh ield eyes from t h e glare from 
the s'Wl~ 
(3) Lens - transparent elastic substance. 
Held in p l~ce by li gaments. 
Form may change somewhat to change focus. 
Function: to focus li gh t upon the retina. 
(4) Aqueous humor (transparent watery fluid.) 
Fills small cavity in front of lens. 
(5) Vitreous humor (transparent jelly-like substance) 
Fills main cavity of t h e eye. 
6. Di gestive system. 
a. Mouth . 
• 
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(1) Li~ing: mucous membrane containing mucus cells. 
(2) Teeth to grind and cut food. 
(3) Salivary glands . 
Parotid (beSide ear), submaxillary ( under j a\rvbone) 
suplingual (under tongue) 
Secrete se.li ve. which conta ins ptyalin (enzyme) in the 
presence of which sta rch is converted into grape sugar 
(if in an alkaline medium* 
(4) Tongue, contains organs of taste. 
Use:J to mOlT e food about. 
b.Eaophagus or gullet. 
(1) Lined with mucuos membrane 
(2) Food pushed to stomach by muscular contra ctions 
(peristaltic movement.) 
c. Stomach. 
(1) ~ear-shaped organ, capac ity about three pints 
(2) Wall has three layers of muscle. 
Keeps food in motion to mix it with gastric juice. 
(3) Gastric juice secreted from gastric glands. 
(!) Contains .2% free HCl, pepsin, and renin. 
(b) Changes proteins to substances l:l)luble in water. 
(c) Acid acts on lime andother salts, attacks bact eria . 
d. Intestines. 
(1) Small: tube nearly twenty feet long, one inch diameter. 
' (a ) Pancraatic fluid enters small intestine 
Enzymes act upon atmma.u starch, proteins, and fats 
if aided by intestinal fluid. 
• 
• 
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(b) Bile~ secretion of the liver. 
Function not well known, may act on fata 
(Liver forms glycogen (ani mal starch) 
(c) Absorption of food - ch ief function. 
Vi 111 - absorption organs, cover inner surface 
Contain blood cells and lacteals. 
Solutions absorbed by capi~lary action or osmosis. 
Sugars pass from blood and are changed to glycogen. 
Fats are absorbed in form of soap and fatty acids. 
Later changed back to fats. 
(2) Large intestine. 
(a) Does not contain villi . 
(b) Considerable absorption t ak es place through walls. 
7· Foods. 
a. Potential energy of food measured by h eat obtained by 
complete combustion, nutritive value expressed in heat units, 
calori es (kilogram calories) 
( 1) 1 g. p rotein yields 4.1 cal. 
(2) 1 g. carbohydrate yields l.J..l cal. 
· ( 7. ) J : 1 g. fat yields 9·3 cal. 
(4 carbohydrates and fats completely utilized, proteins 
75% utilized . 
b . Proteins. 
(1) Complex subatancea usua lly colloids- C,H,O,N . 
Vegetable proteins not a l ways colloid~». 
(2) Animal prote i ns more easily digested than vegetable. 
• 
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